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1
METHODS USEFUL FOR REMODELING
MAXILLOFACTIAL BONE USING LIGHT
THERAPY AND A FUNCTIONAL APPLIANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/421,068, filed Dec. 8, 2010, and U.S.
Provisional Application No. 61/421,073, filed Dec. 8, 2010,
the disclosure of each of which is incorporated by reference
herein in its entirety.

TECHNICAL FIELD

This invention relates to methods and apparatuses useful
for bone remodeling or tooth movement, including those
useful for orthodontics, and in particular to methods and
apparatuses useful for accelerating, controlling or improving
the quality of bone remodeling or tooth movement during
orthodontic treatment using light therapy and/or vitamin D.

BACKGROUND OF THE INVENTION

Orthodontics involves the movement of teeth through
bone. By applying pressure to a tooth, bone can be broken
down at a leading edge of the tooth to facilitate tooth move-
ment. New bone is then created at a trailing edge of the tooth.
Bone is resorbed in (e.g., broken down) in areas of pressure
between a tooth root and periodontium, and bone is deposited
(created) in areas of tension between a tooth root and peri-
odontium. Pressure can cause resorption and tension can
cause deposition regardless of where they occur along a tooth
root surface. Movement of teeth through bone is slow based
on the speed of the remodeling process while teeth are under-
going conventional orthodontic treatment, thereby necessi-
tating treatments of long duration in order to achieve the
desired tooth position. Tooth movement in adults is slower
than tooth movement in adolescents. Long-term orthodontic
treatment can have an increased risk of root resorption, gin-
gival inflammation and dental caries. Moreover, movement of
teeth through bone can be uneven, as teeth might “tip” due to
the force applied, i.e., the crown of the tooth can move in the
desired direction more quickly than the root of the tooth,
resulting in tipping of the tooth. When teeth to move “bodily”
through the bone, i.e., in a more or less perpendicular orien-
tation relative to the bone, the teeth move without tipping or
with only a low degree of tipping.

Methods for increasing the rate of tooth movement without
damage to the tooth and periodontium have been sought. For
example, acceleration of tooth movement can be achieved by
the local injection of prostaglandin, the active form of vitamin
D3, and osteocalcin around the alveolar socket. These sub-
stances might increase the rate of tooth movement, but might
also cause side effects such as local pain and discomfort for a
patient during the process of injection. In a recent study, more
than 65% of the subjects in North America have been shown
to be deficient vitamin D serum levels. In these vitamin D-de-
ficient subjects, bone metabolism and remodeling can be
adversely affected.

Apparatuses useful for delivering light therapy to the den-
tal and maxillofacial areas of a patient have been described,
for example, in PCT publication numbers WO 2009/000075
and WO 2006/087633, both of which are hereby incorporated
by reference in their entirety. However, there remains a need
for light-therapy apparatuses that can deliver specifically tar-
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geted light therapy to flood desired regions of a patient’s
jawbone with light having desired characteristics.

A significant amount of malocclusion in dental patients is
caused by lack of sufficient horizontal or vertical growth of
the mandibular bone. This can result in the lower teeth being
positioned too far in a posterior direction, leading to an
increased overjet and retrusive chin. In some situations, the
mandibular bone can be too far forward or backward, and it
can be desirable to move or remodel the mandibular bone. In
other situations, it can be desirable for the maxillary bone to
be remodeled.

Typical treatments involve surgical advancement or dental
compensatory orthodontic treatment. Some more recent
therapy involves the functional repositioning of the mandibu-
lar bone forward using an intra-oral orthodontic appliance.
This repositioning of the mandibular bone creates remodeling
of the temporomandibular joint (TMJ) and also some tooth
movement as compensation to the forces. The problem, how-
ever, with this approach is that it can take up to 12 months to
correct the mandibular position. Additionally, such
approaches appear to have much less effectiveness in adults
or non-growing adolescents.

A need exists for methods and apparatuses that are useful
for increasing the velocity (or rate) or improving the quality
of bone remodeling. A further need exists for methods and
apparatuses that are useful for increasing the velocity (or rate)
or improving the quality of tooth movement through bone in
response to orthodontic treatment, to decrease treatment
times for patients without undesirable side effects or pain.
There is also a need for methods and apparatuses that can be
used to achieve a desired mode or quality of movement of
teeth through the bone, e.g., bodily movement of teeth
through bone, and that are adjustable to permit tooth move-
ment to be modulated at a desired specific location or loca-
tions within a patient’s jaw region.

SUMMARY OF THE INVENTION

The invention relates to methods for regulating oral or
maxillofacial bone remodeling, comprising allowing a func-
tional appliance to exert a force on oral or maxillofacial bone,
muscle, or soft tissue, or on one or more teeth of a patient in
need thereof; and administering an effective amount of light
to the oral or maxillofacial bone, muscle, or soft tissue, or to
one or more teeth of the patient, wherein the light is admin-
istered before, during, or after the force is exerted.

The invention also relates to methods for regulating bone
remodeling, comprising administering an effective amount of
vitamin D to an oral or maxillofacial bone, muscle, or soft
tissue, or to one or more teeth of a patient in need thereof; and
administering an effective amount of light to the oral or max-
illofacial bone, muscle, or soft tissue, or to the one or more
teeth of the patient.

The invention further relates to light-therapy systems,
comprising (a) a light therapy apparatus comprising (1) a
supportthat (A) is sized and shaped to engage with features of
a patient’s face and (B) has a right side and left side, wherein
at least one of the right side and left side comprises a track;
and (2) a light assembly configured to engage with the track,
the light assembly comprising (A) a secondary track; and (B)
a light source configured to engage with the secondary track
and administer light extra-orally through the patient’s face to
a region within the patient’s oral cavity when the apparatus is
in use, wherein the light assembly is movable along the sec-
ondary track; and (b) a vitamin D conveyance configured to
deliver an effective amount of vitamin D to the patient.
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Additional aspects and advantages of the present disclo-
sure will become readily apparent to those skilled in this art
from the following detailed description, wherein only illus-
trative embodiments of the present disclosure are shown and
described. As will be realized, the present disclosure is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
respects, all without departing from the disclosure. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature, and not as restrictive.

INCORPORATION BY REFERENCE

Each publication, patent, and patent application referenced
in this specification is herein incorporated by reference in its
entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference is now made to the following detailed descrip-
tion and the accompanying drawings of which:

FIG. 1 is an isometric view of an embodiment of a light-
therapy apparatus useful for providing light therapy to speci-
fied regions of a patient’s maxillary or mandibular alveolar
bone.

FIG. 2 is a front view of the embodiment shown in FIG. 1.

FIG. 3 is a top view of the embodiment shown in FIG. 1.

FIG. 4 is a right isometric view of the embodiment shown
in FIG. 1.

FIG. 5 is a schematic cross-sectional view through a por-
tion of a light source having a light emitter and a reflector.

FIG. 6 is a top view of a programmable controller for use
with a light-therapy apparatus.

FIG. 7 A is a partial cross-sectional view of a support arm
of an embodiment of a light-therapy apparatus showing the
engagement between a track engaging ridge on a light source
and a track formed in the support arm.

FIG. 7B is a partial cross-sectional view of a support arm of
an embodiment of a light-therapy apparatus showing the
engagement between a track engaging ridge on a heat sink
and a track formed in the support arm.

FIG. 8A shows a first view of a light-therapy apparatus in
accordance with another embodiment of the invention.

FIG. 8B shows another view of the light-therapy apparatus.

FIG. 8C shows an additional view of the light-therapy
apparatus.

FIG. 8D provides another view of the light-therapy appa-
ratus.

FIG. 9 is a view from the front side of an extra-oral light-
therapy apparatus having an intra-oral tray, an extra-oral
bridge, and left and right side extra-oral LED arrays.

FIGS. 9A, 9B and 9C are respectively a cross-section, a
front side elevation and a rear elevation of a light source
having a cooling fan, a heat sink and two arrays of light
emitters.

FIG. 10 is a right side view of the apparatus of FIG. 9 with
the end of the extra-oral bridge attached to the extra-oral LED
array.

FIG. 11 is a view from the front-left side of the extra-oral
bridge, intra-oral tray and extra-oral LED array of FIG. 9.

FIG. 12 is a view from the rear right side of the extra-oral
bridge, intra-oral tray and extra-oral LED array of FIG. 9.

FIG. 13 is a view from the left rear side of the extra-oral
bridge, intra-oral tray and extra-oral LED array of FIG. 9 with
the intra-oral tray detached.
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FIG. 14 is a perspective view of a light-therapy apparatus
according to an alternative embodiment in which an LED
array is supported by a head-set.

FIG. 15 is a side view of the light-therapy apparatus of FIG.
14.

FIG. 16 is a perspective view of a light-therapy apparatus
according to another alternative embodiment in which an
LED array is supported by a head-set.

FIG. 17 is a front view of at least one LED array, and a
connector detached from the head-set.

FIG. 18 is a front view of an external light-therapy appa-
ratus having two LED arrays, a hinge-like member, and an
attaching means.

FIG. 19 is a cross-sectional view of an LED array mounted
onto a substrate.

FIG. 20 is a cross-sectional view of an LED array detached
from the substrate.

FIG. 21A is a perspective view of a light-therapy apparatus
in accordance with another embodiment of the invention.

FIG. 21B shows a close up of an example of how a light
source is supported in the light-therapy apparatus.

FIG. 22A shows an obverse view of a controller in accor-
dance with another embodiment of the invention.

FIG. 22B shows a reverse view of the controller.

DETAILED DESCRIPTION OF THE INVENTION

Throughout the following description specific details are
set forth in order to provide a more thorough understanding to
persons skilled in the art. However, well known elements
might not have been shown or described in detail to avoid
unnecessarily obscuring the disclosure. Accordingly, the
description and drawings are to be regarded in an illustrative,
rather than a restrictive, sense.

The term “about” when used in connection with a refer-
enced numeric indication means the referenced numeric indi-
cation plus or minus up to 10% of that referenced numeric
indication. For example, the language “about 50” covers the
range of 45 to 55.

The term “surround” (or any tense variation thereof) as
used herein means within about one (1) centimeter of a target
object. For example, in some embodiments, the tissue that
surrounds a tooth can refer to the tissue within about 1 cm of
the tooth. In some embodiments, the methods disclosed
herein are useful for preventing or minimizing inflammation
that is within about 1 cm of a tooth.

The term “patient” as used herein refers to any living sub-
ject that can receive medical treatment. A patient can be, for
example, a mammal such as a human. The patient can be an
adult or a child. In some embodiments, the patient is an
adolescent or a pre-adolescent. In some such embodiments,
the adolescent is undergoing a growth spurt. In some embodi-
ments, the patient is a living subject that receives light treat-
ment, e.g., light administered to the patient extra-orally or
intra-orally. In some such embodiments, the patient wears an
orthodontic appliance (e.g., a functional appliance or a con-
ventional appliance). The orthodontic appliance can be worn
or otherwise donned during the time the patient receives light
treatment (e.g., during bone remodeling treatment). In other
embodiments, however, the patient had worn, or previously
wore, an orthodontic appliance prior to being administered
with an effective amount of light transdermally or nontrans-
dermally to a region of the patient’s oral or maxillofacial
bone, muscle, or soft tissue, or to one or more tecth. In yet
other embodiments, the patient will wear an orthodontic
appliance subsequent to being administered with an effective
amount of light transdermally or nontransdermally to aregion
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of the patient’s oral or maxillofacial bone, muscle, or soft
tissue, or to one or more teeth. In some embodiments, the
patient’s oral or maxillofacial bone, muscle, or soft tissue
comprises the patient’s maxillary or mandibular alveolar
bone.

As will be described in more detail herein, in some embodi-
ments, the patient receives vitamin D treatment in addition to
the light treatment. The vitamin D can be administered to the
patient prior to, concurrently with, or subsequent to the
patient receiving light treatment. In some embodiments, the
patient can wear an orthodontic appliance prior to, concur-
rently with, or subsequent to receiving vitamin D treatment
similar to the manner in which the orthodontic appliance was
worn prior to, concurrently with, or subsequent to the light
treatment. In some embodiments, the patient is not adminis-
tered with vitamin D, but receives light treatment. In other
embodiments, the patient does not receive light treatment, but
is administered with vitamin D.

Methods for Regulating Bone Remodeling or Tooth Move-
ment

In accordance with an aspect of the invention, methods are
provided for regulating bone remodeling. Bone remodeling is
one or both of deposition and resorption of bone. In some
instances, bone remodeling can include a change in the
bone’s geometry. The bone can be a patient’s skull, spine,
pelvis or femur, or one or more teeth. Bone can also be from
the patient’s oral or maxillofacial region, which includes the
maxillary bone, the mandibular bone, the temporal bone, and
the like.

In one embodiment, a method for regulating bone remod-
eling comprises administering an effective amount of light to
oral or maxillofacial bone, muscle, or soft tissue, or to one or
more teeth of a patient (also referred to herein as “light treat-
ment”). The oral or maxillofacial bone, muscle, or soft tissue
of the patient can include the maxillary bone, maxillary
alveolar bone, mandibular bone, mandibular alveolar bone,
temporal bone, jaw muscle, jaw soft tissue, or one or more
teeth of the patient. As such, the effective amount of light can
be administered, for example, to a region of the patient’s
maxillary bone, mandibular bone, or temporal bone. As will
be described in more detail herein, the light can be adminis-
tered transdermally from an extra-oral light source or non-
transdermally from an extra-oral or intra-oral light source.

The method for regulating bone remodeling can also com-
prise allowing a force to be exerted on the oral or maxillofa-
cial bone, muscle, or soft tissue, or one or more teeth of a
patient in need thereof. The force can be exerted before,
during, or after the light is administered. Said another way, the
light can be administered before, during, or after the force is
exerted. The force can be, for example, a heavy force or a
force exerted by an orthodontic appliance, such as a func-
tional appliance or a conventional appliance. In some
embodiments, however, the method does not include allow-
ing a force to be exerted.

The method for regulating bone remodeling can further
comprise administering an effective amount of vitamin D to a
patient in need thereof. In other words, the patient is admin-
istered both an effective amount of vitamin D and an effective
amount oflight. In some embodiments, however, the effective
amount of vitamin D is administered to the patient in lieu of
administering the effective amount of light. As will be
described in more detail herein, the vitamin D can be admin-
istered before, during, or after the force is exerted and/or
before, during, or after the light is administered. In some
embodiments, however, the method does not include allow-
ing a force to be exerted.
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In some embodiments, methods for regulating bone
remodeling can also include non-orthodontic embodiments.
In some embodiments, methods for regulating bone remod-
eling can include implant placement, grafting, other bony
surgeries, orthopedic surgeries, or spinal surgeries. In some
such embodiments, an effective amount of light is adminis-
tered to the patient. The effective amount of light can be
administered to the region of the patient’s body where the
bone remodeling occurs without application of the present
methods. Alternatively, the effective amount of light can be
administered to a region of the patient’s body where the bone
remodeling does not occur without application of the present
methods. The effective amount of light can be administered
locally to a region of the patient’s body. Alternatively, the
effective amount of light can be administered systemically.
Without being bound by theory, light administered to one
region of the body can produce bioactive molecules, such as
nitric oxide (NO), which can circulate through the blood-
stream and throughout the entire body. In this manner, the
light can affect regions of the body that are not directly
irradiated with light. More details about nitric oxide are set
forth in the following publications, which are each incorpo-
rated by reference herein in their entirety: Akin, et al. (2004),
“Effects of Nitric Oxide in orthodontic tooth movement in
rats,” Am. J. Orthod. Dentofacial Orthop., 126(5): 608-14;
Houreld, et al. (2010), “Irradiation at 830 nm stimulates nitric
oxide production and inhibits pro-inflammatory cytokines in
diabetic wounded fibroblast cells,” Lasers in Surgery and
Medicine, 42: 494-502; Moriyama, et al. (2009), “In vivo
effects of low level laser therapy on inducible nitric oxide
synthase,” Lasers in Surgery and Medicine, 41: 227-231;
Shirazi, et al. (2002), “The Role of Nitric Oxide in Orthodon-
tic Tooth Movement in Rats,” Angle Orthod, 72(3): 211-15;
Samoilova et al. (2008), “Role of Nitric Oxide in the Visible
Light-Induced Rapid Increase of Human Skin Microcircula-
tion at the Local and Systemic Level: 1. Diabetic Patients,”
Photomedicine and Laser Surgery, 26(5): 433-442; and Sam-
oilova et al. (2008), “Role of Nitric Oxide in the Visible
Light-Induced Rapid Increase of Human Skin Microcircula-
tion at the Local and Systemic Levels: II. Healthy Volun-
teers,” Photomedicine and Laser Surgery, 26(5): 443-449.

In embodiments where the methods include administering
vitamin D, the vitamin D can be administered at the region of
the patient’s body where the bone remodeling occurs. Alter-
natively, the vitamin D can be administered to a region of the
patient’s body where the bone remodeling does not occur.
The vitamin D can be administered locally to a region of the
patient’s body. Alternatively, vitamin D can administered
systemically.

In some embodiments, the administration of vitamin D
enhances (by increasing the rate of, or accelerating) bone
metabolism, particularly in the context of accelerating bone
remodeling. In some embodiments, administration of vitamin
D increases osteoclastic activity. In some embodiments,
administration of vitamin D increases bone resorption, and
causes faster tooth movement. Bone is resorbed in the path of
tooth movement, enabling the tooth to move. In some
embodiments, the administration of vitamin D (with or with-
out the administration of light, with or without the exertion of
a force) will increase the density and total volume of bone in
typically bony skeletons.

In some embodiments, regulating bone remodeling com-
prises reducing, minimizing or preventing tooth-root resorp-
tion. In some embodiments, a method for reducing, minimiz-
ing or preventing tooth-root resorption comprises allowing a
force to be exerted on one or more teeth of a patient in need
thereof, administering vitamin D to the patient and adminis-
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tering an effective amount of light to oral or maxillofacial
bone, muscle, or soft tissue, or one or more teeth of the
patient, wherein the light is administered before, during, or
after the force is exerted. In some embodiments, regulating
bone remodeling comprises reducing bone resorption or
inflammatory dentin or cementum resorption of the tooth root
or periodontium. In some embodiments, methods for reduc-
ing bone resorption or inflammatory dentin or cementum
resorption of the tooth root or periodontium comprises allow-
ing a force to be exerted on one or more teeth of a patient in
need thereof, administering vitamin D to the patient and
administering an effective amount of light to oral or maxillo-
facial bone, soft tissue, or muscle, or one or more teeth of the
patient, wherein the light is administered before, during, or
after the force is exerted. In some embodiments, methods for
preventing or minimizing inflammation of tissue surrounding
one or more teeth upon which forces are or were exerted are
provided and comprise allowing a force to be exerted on one
or more teeth of a patient in need thereof, administering
vitamin D to the patient and administering an effective
amount of light to oral or maxillofacial bone, muscle, or soft
tissue, or one or more teeth of the patient, wherein the light is
administered before, during, or after the force is exerted.

Bone remodeling is generally necessary for tooth move-
ment. Accordingly, the invention further provides methods
for regulating tooth movement. In one embodiment, methods
for regulating tooth movement comprise administering an
effective amount of vitamin D and an effective amount of
light to a patient in need thereof. Light can be administered to
the patient in any manner described herein. Vitamin D can
likewise be administered to the patient in any manner
described herein. In some embodiments, the method of regu-
lating tooth movement includes allowing an orthodontic
appliance to exert a force on an oral or maxillofacial region of
the patient. In some embodiments, the method does not
include administering an effective amount of vitamin D to the
patient. In other embodiments, the method does not include
administering an effective amount of light to the patient.

In some embodiments, a functional appliance can cause
tooth movement by exerting one or more forces on the teeth.
One or more teeth, or one or more groups of teeth can move as
an oral or maxillofacial bone remodels and changes orienta-
tion or position. In some embodiments, the methods for oral
or maxillofacial bone remodeling are useful to increase the
rate of tooth movement. In some embodiments, a functional
appliance can be installed on one or more of the patient’s
teeth. A conventional orthodontic appliance can be installed
on one or more of the patient’s teeth after the functional
appliance is installed on the patient’s teeth. A conventional
orthodontic appliance can be installed on one or more of the
patient’s teeth after the functional appliance is removed the
patient’s teeth. The conventional orthodontic appliance can
cause tooth movement by exerting forces on the teeth.

The methods described herein are useful for repositioning
a mandibular bone. Such repositioning can include moving
the mandibular bone forward in an anterior direction or mov-
ing it backward in a posterior direction. The methods
described herein are also useful for moving the maxillary
bone or mandibular bone forward or backward, lengthening
or shortening the maxillary bone or mandibular bone, or
adjusting the angle of the mandibular bone or maxillary bone.
In some instances, repositioning or moving a bone can cause
muscle tension on joints and other areas of the body. For
example, in embodiments where the mandibular bone is repo-
sitioned or moved forward using a functional appliance, the
bone movement causes muscle tension on the mandibular
joint area, or other parts of the mandibular bone. This tension
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can stimulate osteoblastic activity and bone remodeling,
which can lengthen the mandibular bone through bone depo-
sition on the condylar head and glenoid fossa of the temporal
bone of the skull. The condyle can have bone deposited on its
distal portion and the glenoid fossa can have increased bone at
the posterior which serves to change the shape of the tem-
poromandibular joint and cause the mandibular bone to be
repositioned permanently as a result. For example, a func-
tional appliance, such as a Herbst appliance, can position a
mandible forward by applying force from upper molars to
lower molars, creating a muscle tension. Force can be applied
to the jaw through the teeth which can be readily manipulated
with fixed and removable appliances. In another example, an
intra-osseous anchorage such as a titanium mini-implant can
exert a force on the mandibular bone or the maxillary bone.

In some embodiments, regulating oral or maxillofacial
bone remodeling further comprises using functional jaw
orthopedics. Functional jaw orthopedics is a treatment with
functional appliances making use of forces created by the
head and neck musculature to bring about desired dental,
facial, or functional changes. In functional orthopedics, gen-
erally, the muscles or tissue of the patient are used to provide
orthodontic forces. A functional appliance therefore func-
tions by exerting a force that causes muscle or tissue to exert
aforce directly on, for example, a tooth such that some aspect
of'the tooth changes as a result of said force from the muscle
or tissue. In one specific example, a patient can wear a func-
tional appliance to reposition his or her jaw, and the resultant
position of the jaw exerts a force on surrounding tissue
thereby allowing remodeling to occur. Functional changes
can include changes in the maxillary bone, the mandibular
bone, tooth position, bine and jaw function, and chewing. In
contrast to functional appliances, conventional appliances
function by exerting a force directly on, for example, a tooth
to change some aspect of the tooth (e.g., to change the posi-
tion of the tooth relative to another tooth).

Functional appliances can be fixed, removable, or a com-
bination of fixed and removable. Functional appliances can
alter the posture of the mandibular bone and transmit the
forces created by the resulting stretch of muscles and soft
tissues, and by the change in the neuromuscular environment
to the dental and skeletal tissues to produce movement of the
teeth and modification to the growth of the jaws and lower
face. In some embodiments, regulating oral or maxillofacial
bone remodeling comprises regulating a change in oral or
maxillofacial bone volume or geometry.

In some embodiments, the force can be an orthopedic
force. In some embodiments, an orthopedic force is a force
having a magnitude of greater than about 300 grams of force.
In other embodiments, an orthopedic force is a force having a
magnitude of greater than or equal to about 350 grams of
force, greater than or equal to about 400 grams of force,
greater than or equal to about 450 grams of force, greater than
or equal to about 500 grams of force, greater than or equal to
about 550 grams of force, or greater than or equal to about 600
grams of force. In other embodiments, an orthopedic force is
a force having a magnitude of less than or equal to about 500
grams of force, less than or equal to about 550 grams of force,
less than or equal to about 600 grams of force, less than or
equal to about 650 grams of force, less than or equal to about
700 grams of force, less than or equal to about 800 grams of
force, less than or equal to about 900 grams of force, or less
than or equal to about 1000 grams of force. In other embodi-
ments, an orthopedic force ranges from about 300 grams of
force to about 1000 grams of force. In other embodiments, an
orthopedic force’s lower range is about 300 grams of force,
about 350 grams of force, about 400 grams of force, about 500
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grams of force, about 600 grams of force or about 700 grams
of force. In other embodiments the orthopedic force’s upper
range is about 500 grams of force, about 550 grams of force,
about 600 grams of force, about 650 grams of force, about 700
grams of force, about 800 grams of force, about 900 grams of
force, or about 1000 grams of force. In other embodiments, a
force that is less than an orthopedic force is exerted on one or
more of a patient’s teeth. In this embodiment, the force has a
magnitude of less than 100 grams of force, for example, a
magnitude of about 200 grams of force or about 300 grams of
force.

In some embodiments, the magnitude of force is the
amount of force exerted on bone. For example, the magnitude
of'an orthopedic force can refer to the amount of force exerted
per tooth. Alternatively, the magnitude of an orthopedic force
can refer to the amount of force exerted on a plurality of teeth.
The magnitude of force exerted per tooth in the latter instance
is the total magnitude of force divided by the number of teeth.
For example, if about 600 grams of force are exerted onto two
teeth, then the force exerted on each tooth is about 300 grams.
In some embodiments, the magnitude of an orthopedic force
is the amount of force exerted on oral or maxillofacial bone,
muscle, or soft tissue, or one or more teeth of a patient. In
some embodiments, the force is exerted on a mandibular
bone, maxillary bone, or temporal bone. In some embodi-
ments, the force is exerted on a temporomandibular joint,
condyle, or glenoid fossa. A gram of force is a unit of force
equal to the magnitude of force exerted on one gram of mass
by a force of 9.80665 m/s (i.e., standard gravity).

In some embodiments, the force is a less-than-orthopedic
force. In some embodiments, a less-than-orthopedic force is a
force having a magnitude of greater than about 30 grams of
force. In other embodiments, a less-than-orthopedic force is a
force having a magnitude of greater than or equal to about 50
grams of force, greater than or equal to about 75 grams of
force, greater than or equal to about 100 grams of force,
greater than or equal to about 150 grams of force, greater than
or equal to about 200 grams of force, or greater than or equal
to about 250 grams of force. In other embodiments, a less-
than-orthopedic force is a force having a magnitude of less
than or equal to about 50 grams of force, less than or equal to
about 75 grams of force, less than or equal to about 100 grams
of force, less than or equal to about 150 grams of force, less
than or equal to about 200 grams of force, less than or equal
to about 250 grams of force, or less than or equal to about 275
grams of force. In other embodiments, a less-than-orthopedic
force ranges from about 30 grams of force to about 300 grams
of force. In other embodiments, a less-than-orthopedic
force’s lower range is about 30 grams of force, about 50
grams of force, about 75 grams of force, about 100 grams of
force, about 150 grams of force, about 200 grams of force, or
about 250 grams of force. In other embodiments the less-
than-orthopedic force’s upper range is about 50 grams of
force, about 75 grams of force, about 100 grams of force,
about 150 grams of force, about 200 grams of force, about 250
grams of force, or about 275 grams of force.

In some embodiments, the force is a heavy force. For
example, in some embodiments, a heavy force is a force
having a magnitude of greater than about 150 grams of force.
In other embodiments, a heavy force is a force having a
magnitude of greater than or equal to about 175 grams of
force, greater than or equal to about 190 grams of force,
greater than or equal to about 200 grams of force, greater than
or equal to about 210 grams of force, greater than or equal to
about 225 grams of force, or greater than or equal to about 250
grams of force. In other embodiments, a heavy force is a force
having a magnitude of less than or equal to about 300 grams
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of force, less than or equal to about 350 grams of force, less
than or equal to about 400 grams of force, less than or equal
to about 450 grams of force, less than or equal to about 500
grams of force, less than or equal to about 550 grams of force,
or less than or equal to about 600 grams of force. In other
embodiments, a heavy force ranges from about 150 grams of
force to about 600 grams of force. In other embodiments, the
heavy force’s lower range is about 175 grams of force, about
190 grams of force, about 200 grams of force, about 210
grams of force, about 225 grams of force or about 250 grams
of'force. In other embodiments, the heavy force’s upper range
is about 300 grams of force, about 350 grams of force, about
400 grams of force, about 450 grams of force, about 500
grams of force, about 550 grams of force, or about 600 grams
of force. In other embodiments, a force that is less than a
heavy force is exerted on one or more of a patient’s teeth. In
this embodiment, the force has a magnitude of less than 150
grams of force, for example, a magnitude of about 100 grams
of force or about 125 grams of force. The magnitude of heavy
force can refer to the amount of force exerted per tooth.
Alternatively, the magnitude of heavy force can refer to the
amount of force exerted on a plurality of teeth. The magnitude
of force exerted per tooth in the latter instance is the total
magnitude of force divided by the number of teeth. For
example, if about 300 grams of force are exerted on to two
teeth, then the force exerted on each tooth is about 150 grams.

In some embodiments, a heavy force is a force of sufficient
magnitude to cause at least some amount of tooth-root resorp-
tion. In some embodiments, a heavy force has sufficient mag-
nitude to have pathophysiological effects, to create a hyalin-
ized zone or tissue death, to cause cell death, or to cause tissue
inflammation when the heavy force is exerted without any
other form of treatment, such as light treatment. The heavy
force can be an excessive pathophysiological force. A patho-
physiological force may cause necrosis or root resorption.
The heavy force can also cause pressure on the periodontium
that can result in ischemia, decreased blood flow, or cell
death.

In some embodiments, the force is a less-than-heavy force.
In some embodiments, a less-than-heavy force is a force
having a magnitude of greater than about 10 grams of force. In
other embodiments, less-than-heavy force is a force having a
magnitude of greater than or equal to about 20 grams of force,
greater than or equal to about 30 grams of force, greater than
or equal to about 40 grams of force, greater than or equal to
about 50 grams of force, greater than or equal to about 60
grams of force, greater than or equal to about 75 grams of
force, or greater than or equal to about 100 grams of force. In
other embodiments, less-than-heavy orthopedic force is a
force having a magnitude of less than or equal to about 30
grams of force, less than or equal to about 40 grams of force,
less than or equal to about 50 grams of force, less than or equal
to about 60 grams of force, less than or equal to about 70
grams of force, less than or equal to about 85 grams of force,
less than or equal to about 100 grams of force, or less than
about 150 grams of force. In other embodiments, a less-than-
heavy force ranges from about 10 grams of force to about 150
grams of force. In other embodiments, a less-than-heavy
force’s lower range is about 10 grams of force, about 20
grams of force, about 30 grams of force, about 40 grams of
force, about 50 grams of force, about 60 grams of force, about
75 grams of force, or about 100 grams of force. In other
embodiments the less-than-heavy force’s upper range is
about 30 grams of force, about 40 grams of force, about 50
grams of force, about 60 grams of force, about 70 grams of
force, about 85 grams of force, about 100 grams of force, or
less than about 150 grams of force. Additional details regard-
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ing heavy forces are described in the commonly-owned PCT
Application No. PCT/CA2011/050639, filed Oct. 12, 2011,
entitled “Method and Apparatus for Tooth Regulation with
Heavy Forces,” which is incorporated herein in its entirety.

The force can be applied to a patient’s oral or maxillofacial
bone, muscle, or soft tissue, or to one or more teeth. In some
embodiments, the force is exerted in a posterior or anterior
direction relative to the patient. In some embodiments, the
force is exerted normal (e.g., orthogonal or 90 degrees) rela-
tive to a side of a bone, such as an oral or maxillofacial bone
(e.g., a maxillary bone, mandibular bone, or temporal bone).
In some embodiments, the force is exerted at an angle relative
to a posterior direction, an anterior direction, or a side of an
oral or maxillofacial bone, such as a maxillary bone, man-
dibular bone, or temporal bone. For example, the force can be
exerted at an angle of about 45 degrees, about 60 degrees,
about 70 degrees, about 75 degrees, about 80 degrees, about
85 degrees, about 90 degrees, about 95 degrees, about 100
degrees, about 105 degrees, about 110 degrees, about 120
degrees, or about 135 degrees relative to a posterior direction,
an anterior direction, or an oral or maxillofacial bone, such as
a side of a maxillary bone, mandibular bone, or temporal
bone. A force can be exerted normal (e.g., orthogonal or 90
degrees) to, downwards to, or upwards to an oral or maxillo-
facial bone, such as a maxillary bone, mandibular bone, or
temporal bone at any angle. In some embodiments, a proxi-
mal force is applied to an oral or maxillofacial bone, such as
a maxillary bone, mandibular bone, or temporal bone. In
some other embodiments, a distal force is applied to an oral or
maxillofacial bone, such as a maxillary bone, mandibular
bone, or temporal bone. In some embodiments, a force is
exerted on a mesial (e.g., towards front of mouth) side of an
oral or maxillofacial bone, such as a maxillary bone, man-
dibular bone, or temporal bone. In some embodiments, a
force is exerted on a distal (e.g., towards back of mouth) side
of a maxillary bone, mandibular bone, or temporal bone. A
force can be exerted on a buccal (e.g., towards cheek) side of
an oral or maxillofacial bone, such as a maxillary bone, man-
dibular bone, or temporal bone, or a force can be exerted on a
lingual (e.g., towards tongue) side of an oral or maxillofacial
bone, such as a maxillary bone, mandibular bone, or temporal
bone. In some embodiments, a force is applied to a temporo-
mandibular joint (TMJ), condyle, or glenoid fossa.

A force can be applied to one or more teeth. In some
embodiments, the force is exerted normal (e.g., orthogonal or
90 degrees) relative to a side of one or more teeth. In some
embodiments, the force is exerted at an angle relative to a side
of'one or more teeth. For example, the force can be exerted at
an angle of about 45 degrees, about 60 degrees, about 70
degrees, about 75 degrees, about 80 degrees, about 85
degrees, about 90 degrees, about 95 degrees, about 100
degrees, about 105 degrees, about 110 degrees, about 120
degrees, or about 135 degrees relative to a bone, such as an
oral or maxillofacial bone, or relative to a side of one or more
teeth. A force can be exerted normal (e.g., orthogonal or 90
degrees) to, downwards to, or upwards to one or more teeth at
any angle. In some embodiments, a proximal force is applied
to one or more teeth. In some other embodiments, a distal
force is exerted in bone, such as oral or maxillofacial bone or
to one or more teeth. In some embodiments the force is
coronal pressure, which is useful to intrude teeth; in other
embodiments the force is apical pressure, which is useful to
extrude teeth. In some embodiments, a force is exerted on a
mesial (e.g., side of tooth towards front of mouth) side of the
tooth. In some embodiments, a force is exerted on a distal
(e.g., side of tooth towards back of mouth) side of the tooth. A
force can be exerted on a buccal (e.g., side of tooth towards
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cheek) side of the tooth, or a force can be exerted on a lingual
(e.g., side of tooth towards tongue) side of the tooth. A force
can be exerted on an occlusal surface of a tooth. A force can
be exerted on an incisal surface of a tooth. A force can be
exerted on a proximal (mesial/distal surfaces in between
teeth) surface of a tooth. A force can be exerted on an apical
(e.g., toward a root end) surface of a tooth. In some embodi-
ments, a force exerted on a tooth is translated to be exerted on
the mandibular bone or maxillary bone. The force can be
exerted by a functional appliance for regulating oral or max-
illofacial bone remodeling. In some embodiments, the force
can be exerted by a conventional orthodontic appliance for
regulating tooth movement.

A force can be directed to move a mandibular bone or
maxillary bone forward in an anterior direction. A force can
be directed to move a mandibular bone or maxillary bone
backward in a posterior direction. A force can be directed to
adjust an angle of a mandibular bone or maxillary bone. For
example, the angle of a mandibular bone can be adjusted by
moving aright side or aleft side of a mandibular bone forward
or backward. If a right side of a mandibular bone is moved
forward or lengthened, while the left side of the mandibular
bone maintains the same position or is moved backward or
shortened, the mandibular bone can be angled more leftward
(e.g., shifted sideways or to the left side). In other words, a
force can be directed to move one or more teeth toward a side.
A force can also be directed to push one or more teeth toward
one another or to push one or more teeth apart.

In some embodiments, a force is exerted at any point or
region along an oral or maxillofacial bone, muscle, soft tis-
sue, or one or more teeth. In some embodiments, a force is
exerted at or near the top of one or more teeth, i.e., the side of
a tooth opposite its root or roots. In some embodiments, a
force is exerted at or near the middle of the clinical crown
(e.g., exposed to the air, above the gums) of one or more teeth.
In other embodiments, a force is exerted at or near the bottom
of the clinical crown of one or more teeth, i.e., the clinical
crown of a tooth closer to its root. In some embodiments, the
force is applied to the root of the one or more teeth. A force
can be exerted on one or more of the points or regions
described above on one or more teeth. In some embodiments,
a force is exerted along the side of the tooth. In some embodi-
ments, however, a force is exerted at or near a temporoman-
dibular joint, condyle, or glenoid fossa. In some embodi-
ments, a force is exerted on one or more of the right
temporomandibular joint, right condyle, or right glenoid
fossa; one or more of the left temporomandibular joint, left
condyle, or left glenoid fossa; or one or more of both right and
left temporomandibular joints, both right and left condyles,
and both right and left glenoid fossa. In some embodiments,
the force is exerted on the right temporomandibular joint
without being exerted on the left temporomandibular joint,
the right condyle without being exerted on the left condyle,
the right glenoid fossa without being exerted on the left gle-
noid fossa, the left temporomandibular joint without being
exerted on the right temporomandibular joint, the left condyle
without being exerted on the right condyle, or the left glenoid
fossa without being exerted on the right glenoid fossa. In
some embodiments, the force is exerted on mandibular or
maxillary alveolar bone. In some embodiments, the force is
exerted on an anterior portion of the maxillary bone, man-
dibular bone, or temporal bone.

Depending on where or for how long the force is exerted,
some or no tipping may occur to the tooth. A force can
increase the velocity of tooth movement as compared to
where no force or a lighter force is exerted. Exertion of a force
on the maxillary bone, mandibular bone, temporal bone, or
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one or more teeth, particularly where the patient is adminis-
tered with an effective amount of light to his or her maxillary
bone, mandibular bone, temporal bone, or one or more teeth
can reduce the amount of time of orthodontic treatment that a
patient might undergo.

In some embodiments, a force is exerted on one or more
teeth of a patient by one or more orthodontic appliances. A
functional appliance, for example, can be present on one or
more of the patient’s teeth, other oral regions of the patient, or
the patient’s head or face. In some embodiments, the func-
tional appliance exerts a force on oral or maxillofacial bone,
muscle, soft tissue, or one or more teeth. The functional
appliance can exert a force on only the mandibular bone of the
patient. Alternatively, the functional appliance can exert a
force only the maxillary bone of the patient. In some embodi-
ments, the functional appliance exerts a force on only the
temporal bone of the patient. The functional appliance can
exert a force on both the mandibular bone and maxillary bone
of'the patient. The functional appliance can optionally exert a
force on a maxillary bone, mandibular bone, or temporal bone
by exerting a force on one or more tooth of the patient. The
functional appliance can exert a force on only the jaw muscle.
The functional appliance can exert a force on only the jaw soft
tissue. The functional appliance can exert a force on only one
tooth of the patient. Alternatively, the functional appliance
can exert a force on a plurality of teeth of the patient. In
another embodiment, the functional appliance can selectively
exert a force on less than all the teeth of the patient. The
functional appliance can exert a force on one or more teeth of
the patient and at least one of the maxillary bone, mandibular
bone, or temporal bone of the patient. In some embodiments,
a functional appliance can be used for external anchorage,
and can be in the form of a temporary anchorage device or in
the form of headgear. In some embodiments, the functional
appliance or a portion of the functional appliance can be
external to the patient’s oral cavity. External anchorage canbe
used to facilitate the exertion of forces to prevent untoward
movement of anchorage teeth during use of forces.

In some embodiments, a force is exerted on one or more
teeth of a patient by one or more conventional orthodontic
appliance. The conventional orthodontic appliance can be
present on one or more of the patient’s teeth. In some embodi-
ments, the conventional orthodontic appliance exerts a force
on one or more teeth. The conventional orthodontic appliance
can exert a force on only one tooth of the patient. Alterna-
tively, the conventional orthodontic appliance can exert a
force on a plurality of teeth of the patient. In another embodi-
ment, the conventional orthodontic appliance can selectively
exert a force on less than all the teeth of the patient.

The patient can wear a functional appliance subsequent to
initiating the administration of light. In some embodiments, a
force is exerted on oral or maxillofacial bone, muscle, or soft
tissue, or one or more teeth of the patient subsequent to
initiating the administration of light. In some embodiments, a
force is exerted on the oral or maxillofacial bone, muscle, or
soft tissue, or one or more teeth of the patient during the
administration of light. In some embodiments, a force is
exerted on the oral or maxillofacial bone, muscle, or soft
tissue, or one or more teeth of the patient prior to initiating the
administration of light. A force can be exerted on the oral or
maxillofacial bone, muscle, or soft tissue, or one or more
teeth of the patient from any direction. In some embodiments,
the force moves the mandibular bone forward or backwards
relative to the maxillary bone, or the maxillary bone forward
or backwards relative to the mandibular bone. In some
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embodiments, the force pushes two or more teeth together or
apart, or pushes one or more teeth to one side or area of a
patient’s mouth.

Regulating oral or maxillofacial bone remodeling can
include changing the position of the mandibular bone or
maxillary bone relative to one another or to the skull of the
patient. Regulating oral or maxillofacial bone remodeling can
also include controlling the position (e.g., forward, backward,
sideways or angle) of the mandibular bone or maxillary bone,
lengthening or shortening the mandibular bone or maxillary
bone, lengthening or shortening a side of the mandibular bone
or maxillary bone, altering the shape or dimensions of the
mandibular bone or maxillary bone, or regulating (e.g.,
increasing, decreasing or maintaining) the velocity of the
movement of the mandibular bone or maxillary bone relative
to one another. For example, regulating oral or maxillofacial
bone remodeling can include increasing the velocity of oral or
maxillofacial bone remodeling.

By repositioning a mandibular bone forward or backwards,
muscle tension can be caused on the joint area of the man-
dibular bone, or other parts of the mandibular bone. This
tension can stimulate osteoblastic activity or bone remodel-
ing, which can lengthen the mandibular bone through bone
deposition on the condylar head and glenoid fossa of the
temporal bone of the skull. Also, the tension can effect dental
movement forward of the entire lower arch. In some cases,
antagonistic force on the maxillary bone can retard the growth
of'the maxillary bone and cause remodeling and dental move-
ment posteriorly. This can be desirable in situations where the
oral or maxillofacial bone remodeling is regulated in order to
remodel the maxillary bone posteriorly. Malocclusion can
exist when there is a misalignment of teeth or the upper dental
arch and the lower dental arch do not line up. The antagonist
force on the maxillary bone can be more or less desirable
depending on the severity of the malocclusion and whether
the maxillary bone is protrusive. If the maxillary bone is
protrusive, it can be desirable to retard maxillary forward
growth or even retrude maxillary teeth and the jaw bone. A
maxillary headgear can be used to retard or decrease the
growth of the maxilla forward. In one example, a functional
appliance can be used to reposition a mandibular bone for-
ward while utilizing upper teeth or the maxillary bone as
anchorage. An equal and opposite force can be exerted on the
maxillary bone, which can lead to dental orthodontic move-
ment and bone remodeling on the maxillary bone.

Some functional appliances (e.g., Bionator or Frankel), can
prevent antagonist muscles from pushing on the bone and
teeth. This can permit opposite agonist muscles to push onthe
bone and teeth. Thus, in some embodiments, allowing a force
to be exerted on a oral or maxillofacial bone, muscle, or soft
tissue, or one or more teeth, can include preventing a first
group of muscles from exerting a force on the oral or maxil-
lofacial bone, muscle, or soft tissue, or one or more teeth,
thereby allowing a second group of muscles to exert the force.
Some examples of muscles whose forces can be withheld,
include cheek and lip (peri-oral) muscles. Examples of such
muscles can include masseters, buccinators, mentalis muscle
and orbicularis. This can allow other muscles, such as the
tongue, to exert a force on the oral or maxillofacial bone,
muscle, or soft tissue, or one or more teeth. In some cases, it
can be desirable to prevent the tongue from interfering with
and pushing on teeth, so a functional appliance or conven-
tional orthodontic appliance can be inserted to prevent the
tongue from pushing on the front teeth during swallowing.
This could allow cheek and lip muscles to push on teeth and
bone to retract and allow teeth to erupt into a normal position
previously presented by an overactive and poorly positioned



US 9,242,118 B2

15

tongue. In one example, a Frankel appliance can hold the
cheek and lip muscles away from the teeth to allow them room
to grow into the correct position. While the cheek and lip
muscles (opposing muscles) are held away from the teeth, the
tongue (an agonist muscle pushing against the teeth from the
inside) can push on the teeth, thereby allowing a lower arch,
upper arch, or both lower and upper arch to expand without
interference from the opposing cheek and lip muscles.

In some embodiments, the force exerted by a functional
appliance can prevent muscles of a first group from exerting
afirst force, or can substantially reduce the amount of the first
force, allowing muscles in a second group to exert a second
force, which can result in bone remodeling caused by the
second force. The muscles in the first group and the muscles
in the second group can typically exert forces in different
directions. For example, muscles can exert forces anteriorly,
posteriorly, laterally to the left, laterally to the right, radially
inward, radially outward, upward, or downward. In some
embodiments, the muscles of the first group and the muscles
of the second group can exert forces in a substantially oppo-
site direction. The muscles in the first group and the muscles
in the second group can exert forces in different directions.
Alternatively, the force exerted by the functional appliance
can alter the angle of the overall force applied to the region by
increasing the relative effect of the second force, which can
result in bone remodeling caused by the increased magnitude
on the second force relative to the first force. Any number of
muscle groups (e.g., 1,2,3,4, 5, 6, or more) can exert force in
any direction. The force exerted by the functional appliance
can prevent one or more of the muscle groups from exerting a
force or can reduce the amount of force exerted by one or
more groups.

In some embodiments, a functional appliance can keep
muscles away from the teeth so that the muscles that oppose
those that are withdrawn via the functional appliance then can
exert forces on the teeth to cause tooth movement and pos-
sible bone remodeling due to “imbalance” of previously bal-
anced muscular pressure. In some embodiments, the func-
tional appliance exerts a force on the oral or maxillofacial
muscle or soft tissue in order to keep the muscles away.

In some embodiments, regulating bone remodeling can
also include regulating tooth movement. Regulating tooth
movement can include controlling the position of one or more
teeth relative to a supporting tissue. Regulating tooth move-
ment can also include controlling (e.g., increasing, decreas-
ing, maintaining) the velocity of tooth movement relative to a
supporting tissue. For example, regulating tooth movement
can include increasing the velocity of tooth movement. Regu-
lating tooth movement can also include controlling (e.g.,
increasing, decreasing, maintaining) bodily movement (e.g.,
less tipping, more tipping) of one or more teeth. Regulating
tooth movement can comprise moving one or more teeth
bodily. “Bodily” movement can occur when the tooth is gen-
erally perpendicular to the bone, versus “tipped” movement,
wherein the crown or coronal region of the tooth advances
more quickly than the root or apical region of the tooth.
Bodily tooth movement can include moving a tooth without
causing significant tipping of the tooth. By “significant tip-
ping” is meant that about 20% of the tooth does not move in
the same lateral direction as the remaining about 80%; in
another embodiment about 10% of the tooth does not move in
the same lateral direction as the remaining about 90%; in
another embodiment about 5% of the tooth does not move in
the same lateral direction as the remaining about 95%. Tooth
movement can include lateral displacement of one or more
teeth. Regulating tooth movement can include inducing the
tilting or tipping one or more teeth, minimizing or preventing
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the tilting or tipping one or more teeth, or maintaining an
alignment or orientation of the one or more teeth. Regulating
tooth movement can also include stabilizing tooth movement.
In some embodiments, regulating tooth movement can
include causing one or more teeth to maintain their position.
In some embodiments, regulating tooth movement can
include a combination of causing the displacement of one or
more teeth and causing one or more other teeth to maintain
their position.

Light can be administered inter-orally or extra-orally.
Light can be administered to a region of the patient’s oral or
maxillofacial bone, muscle, or soft tissue, or one or more
teeth. In some embodiments, light is administered to the
maxillary bone, mandibular bone, or temporal bone, or other
region of the patient. In some embodiments, the light can be
directed to one or more regions of a patient. The region can be
within the patient’s mouth. The region can be all or a portion
of'the patient’s maxillary bone, mandibular bone, or temporal
bone of the skull. The region can be a temporomandibular
joint, condyle, or glenoid fossa of the patient. The region can
be the right temporomandibular joint, right condyle, or right
glenoid fossa; left temporomandibular joint, left condyle, or
left glenoid fossa; or both temporomandibular joints, both
condyles, or both glenoid fossa of the patient.

Light can be administered to a right temporomandibular
joint without being administered to a left temporomandibular
joint, a right condyle without being administered to a left
condyle, a right glenoid fossa without being administered to
a left glenoid fossa, a left temporomandibular joint without
being administered to a right temporomandibular joint, a left
condyle without being administered to a right condyle, or a
left glenoid fossa without being administered to a right gle-
noid fossa. The region can include a portion of the maxillary
bone (e.g., portion of the patient’s maxillary alveolar bone), a
portion of the mandibular bone (e.g., portion of the patient’s
mandibular alveolar bone), or alveolus.

In some embodiments, in addition to being administered to
a region of the patient’s maxillary bone, mandibular bone, or
temporal bone, light can be administered to other regions of
the patient. Such regions can include, but are not limited to,
one or more teeth (e.g., incisor, canine, premolar, or molar,
such as a maxillary central incisor, maxillary lateral incisor,
maxillary canine, maxillary first premolar, maxillary second
premolar, maxillary first molar, maxillary second molar,
maxillary third molar, mandibular central incisor, mandibular
lateral incisor, mandibular canine, mandibular first premolar,
mandibular second premolar, mandibular first molar, man-
dibular second molar, or mandibular third molar), a root of
one or more teeth (e.g., wherein a root of a tooth can include
a portion of one or more roots supporting the tooth, one root
supporting the tooth, a plurality of roots supporting the tooth,
or all of the roots supporting the tooth), tissue supporting one
or more teeth, basal tissue, gingiva, periodontal ligaments,
cementum, periodontium, a region of jaw bone or tissue, or at
least a portion of the patient’s other oral soft tissue or bone
tissue. The region can be located on a left side or right side of
the patient’s face. In some embodiments, one or more regions
are located on both the left and right side of the patient’s face.
In some embodiments, the region can be located on the front
side of the patient’s face. The region can include one, two,
three, four, five, six, seven, eight, or more teeth, or tissue
surrounding or supporting the teeth. The region can include
one or more roots of one, two, three, four, five, six, seven,
eight, or more teeth, or periodontium of teeth. In other
embodiments, light is not administered to a region outside the
patient’s maxillary bone, mandibular bone, or temporal bone.
In some embodiments, light is not administered to a region
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outside the patient’s oral or maxillofacial bone, muscle, or
soft tissue, or one or more teeth. In some embodiments, the
region includes the patient’s skull, spine, pelvis or femur.

Light can be administered to regions that can include tissue
(e.g., alveolar or basal tissue) surrounding or supporting any
of the teeth specifically described with or without including
the tooth itself. Regions can include teeth or tissue supported
by the maxillary bone or teeth supported by the mandibular
bone. One or more regions can be adjacent to one another,
continuous with one another, or separate from one another.
Any discussion herein of regions or examples of regions can
apply to any other region or examples of treatment regions
provided herein.

In some embodiments, light irradiates a region that can
include a portion of tissue (e.g., bone tissue, or soft tissue) or
other regions within the patient’s oral cavity without irradi-
ating one or more other portions of the patient’s oral cavity. In
some embodiments, light is administered to one or both tem-
poromandibular joint, condyle, or glenoid fossa of the patient.
In some embodiments, light is administered to only one tem-
poromandibular joint, only one condyle, or only one glenoid
fossa of the patient. In some embodiments, light is adminis-
tered to one or more temporomandibular joint, condyle, or
glenoid fossa of the patient, without being administered to
other regions of the patient’s oral cavity, or without being
administered to one or more of the patient’s teeth, or without
being administered to any of the patient’s teeth. In some
embodiments, light is administered to one or more roots of
only one tooth root and to only one periodontium. Alterna-
tively, light is administered to one or more roots of a plurality
of teeth and to a plurality of periodontia. Light can be admin-
istered to one or more roots of all or less than all the teeth and
periodontia in the patient’s oral cavity. One or more selected
teeth, roots or periodontia can be irradiated with light.

In some embodiments, light irradiates a region that can
include a portion of tissue (e.g., bone tissue, or soft tissue) or
other regions within the patient’s oral cavity at a much greater
intensity than it irradiates other portions of the patient’s oral
cavity. For example, light can irradiate a region at an intensity
that is 3x, 5x, 10x, 20x, 50x%, or 100x greater than the inten-
sity that irradiates any another region. In some embodiments,
the region is the patient’s oral cavity or a portion thereof. In
some embodiments, light irradiates a portion of a patient’s
oral or maxillofacial bone, muscle, or soft tissue, or one or
more teeth at a greater intensity than that of light that irradi-
ates another portion of the patient’s oral or maxillofacial
bone, muscle, or soft tissue, or one or more teeth. In one
embodiment, light irradiates a portion of a patient’s maxillary
bone, mandibular bone, or temporal bone, such as the tem-
poromandibular joint, condyle, or glenoid fossa, at a greater
intensity than that of light that irradiates any of the patient’s
teeth. In another embodiment, light irradiates or is focused
with a greater intensity on the region where forces are exerted,
relative to the region where forces are not exerted. Teeth with
lower forces or anchorage teeth can be selectively shielded
from light or irradiated at lower light intensity so that they can
move less and the anchorage effect can be enhanced. In some
embodiments, this is achieved by applying to the patient, or
adjusting within the patient, one or more intra-oral or extra-
oral light-translucent or light-opaque masks that shield from
light one or more non-regions. In some embodiments, light
reaching a region has an intensity that is greater than a thresh-
old value. In some embodiments, the threshold value has an
intensity as discussed elsewhere herein.

The region can be close to a surface within the patient’s
mouth, or within a soft tissue or bone tissue. The region can be
at a depth from the surface of the patient’s skin, such as the
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patient’s face. For example, the region can be about 1 nm,
about 1 um, about 10 pm, about 50 um, about 100 um, about
200 pm, about 300 um, about 500 um, about 750 pm, about 1
mm, about 2 mm, about 3 mm, about 4 mm, about 5 mm,
about 7 mm, about 10 mm, about 15 mm, about 20 mm, about
25 mm, about 30 mm, about 40 mm, about 50 mm, about 60
mm, or about 70 mm from the surface of the patient’s skin.
Light can irradiate a region, which can have an area greater
than, less than, or about 1 nm?, about 1 pum?, about 0.1 mm?,
about 0.2 mm?, about 0.3 mm?, about 0.4 mm?, about 0.5
mm?, about 0.7 mm?, about 1 mm?, about 10 mm?, about 0.2
cm?, about 0.5 cm?, about 1 cm?, about 2 cm?, about 3 cm?,
about 5 cm?, about 7 cm?, about 10 cm?, about 15 cm?, about
20 cm?, about 25 cm?, about 30 cm?, about 35 cm?, about 40
cm?, about 50 cm?, about 60 cm?, about 80 cm?, about 100
cm?, about 120 cm?, about 140 cm?, about 160 cm?, about 180
cm? or about 200 cm?. Light can irradiate one area, a plurality
of areas, a point, or a plurality of points. In some embodi-
ments, light irradiates a particular area without irradiating
with significant intensity surrounding areas. For example,
light can irradiate a portion of maxillary bone, mandibular
bone, or temporal bone without significant amounts of light
irradiating teeth on that maxillary bone, mandibular bone, or
temporal bone. In one embodiment, the light irradiates a
temporomandibular joint, condyle, or glenoid fossa without
significant amounts of light irradiating teeth on that maxillary
bone, mandibular bone, or temporal bone or other regions of
the maxillary bone, mandibular bone, or temporal bone. In
another embodiment, light irradiates a particular tooth or set
of teeth without significant amounts of light irradiating adja-
cent teeth. In one embodiment, irradiating a tooth comprises
irradiating an exposed surface of the tooth, a tooth root, or a
periodontium of the tooth.

In some embodiments, light is administered extra-orally to
the patient. Light can be emitted from a light source that
contacts the patient’s skin. The light source can contact the
skin of the patient overlying a region where bone remodeling
regulation is intended to occur. In some embodiments, the
light source can contact the skin of the patient at the face,
neck, torso, arms, or legs of the patient. In some embodi-
ments, light is provided from a light-therapy apparatus,
embodiments of which are described below. Light can be
emitted from a light source that can include characteristics,
features, components, or configurations of any of the light-
therapy apparatus embodiments, as described below. The
present methods can further comprise providing a light-
therapy apparatus. For example, the method for regulating
oral or maxillofacial bone remodeling can comprise admin-
istering light from a light-therapy apparatus. Light can be
provided from any other source, and is not limited to a light-
therapy apparatus as described herein.

In some embodiments, light is provided from a light source
that can contact the patient’s skin (e.g., face). Similarly, light
can be emitted from a plurality of light sources that can
contact the patient’s face. In one embodiment, one or more
light sources contact skin of the patient’s face overlying a
region. For example, one or more light sources can contact
skin of the patient’s face overlying a portion of a maxillary
bone, mandibular bone, or temporal bone, such as a temporo-
mandibular joint, a condyle, or a glenoid fossa. In other
words, in some embodiments, the one or more light sources
are positioned directly over a right temporomandibular joint,
a left temporomandibular joint, a right condyle, a left
condyle, a right glenoid fossa, or a left glenoid fossa of the
patient. The one or more light sources can contact the skin of
the patient overlying a region where bone remodeling or tooth
movement regulation is intended to occur. Light can be
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administered from a light source that can provide pressure on
the patient’s face. Light can pass through the patient’s face to
irradiate the region. The region can be located within a
patient’s oral cavity. In some embodiments, a light emitter is
provided externally to the oral cavity. A portion of a patient’s
face, such as the cheek, skin over the jaw, lips, or chin can be
located between the light emitter and the oral cavity. Light can
be administered transcutaneously to a region that is located
within the patient’s oral cavity. The light can transcutane-
ously pass through the skin of the patient to irradiate the
region. Light can pass through the cheek of the patient, the
skin overlying the maxillary bone, mandibular bone, or tem-
poral bone of the patient (such as skin overlying a temporo-
mandibular joint of the patient, a condyle of the patient, a
glenoid fossa of the patient), the chin of the patient, the lips of
the patient, or any other region circumscribed or otherwise
defined by the patient’s face. In some embodiments, light
irradiates a region by manually retaining one or more light
sources providing light of one or more wavelengths to one or
more regions of a patient. In some embodiments, light irra-
diates a region only transdermally through the skin of the
patient. In some embodiments, light is administered only
externally, and is not administered internally. For example,
light can be administered only extra-orally, and can not
administered intra-orally. In some alternate embodiments,
light is administered internally (e.g., intra-orally) or exter-
nally (e.g., extra-orally). In one embodiment, the patient to
whom the light is administered has his or her mouth closed.

In other embodiments, the light source does not contact the
patient’s face or other skin. Extra-oral light can also be
administered to the patient wherein a gap exists between a
light source and skin of the patient’s face. The light source can
be in close proximity to the skin of the patient’s face without
contacting the patient’s face. In some embodiments, light is
administered from a light source that does not contact a
patient’s face when the patient’s face is relaxed but can con-
tact the face if the patient flexes a portion of the patient’s face
or tenses the face. In some embodiments, a light source is
about 1 mm or less, about 2 mm or less, about 3 mm or less,
about 5 mm or less, about 7 mm or less, about 1 cm or less,
about 1.5 cm or less, about 2 cm or less, about 2.5 cm or less,
or about 3 cm or less away from a patient’s face while the
patient’s face is relaxed or tensed. Light can be emitted from
alight source located at a particular distance from a region. In
some embodiments, the distance is about 0.1 mm or less,
about 0.5 mm or less, about 1 mm or less, about 2 mm or less,
about 3 mm or less, about 5 mm or less, about 7 mm or less,
about 1 cm or less, about 1.5 cm or less, about 2 cm or less,
about 2.5 cm or less, or about 3 ¢m or less. In some embodi-
ments, a light source is about 0.1 mm, about 0.5 mm, about 1
mm, about 3 mm, about 5 mm, about 7 mm, about 1 cm, about
1.5 cm, about 2 cm and about 2.5 cm, about 2.75 cm, about 3
cm, about 3.5 cm, or about 4 cm away from the region to be
treated by or irradiated by an effective amount of light.

In some embodiments, light is administered intra-orally to
the patient. For example, the light source can be located
within the patient. In some embodiments, the light source can
include fiber optics that convey light within the patient. In
some embodiments, the light source can be located within an
orifice of the patient. For example, the light source can be
located within the patient’s oral cavity. In some embodi-
ments, light is administered directly, i.e., nontransdermally,
to a selected region or to a surface overlaying the selected
region. In some embodiments, the light source is located
outside the patient’s oral cavity and the light is administered
directly, i.e., non-transdermally, to a selected region or to a
surface overlaying the selected region. In some embodiments,
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light is administered to a selected region through the patient’s
gums or soft tissue. Light need not be applied transdermally
or through the patient’s face. In some embodiments, the light
source contacts the selected region or surface overlying the
selected region. For example, the light source can contact a
patient’s tooth or gum. In some embodiments, light is
directed at the selected region through soft tissue.

Light can be administered from a single light source. Alter-
natively, light can be administered from multiple light
sources. Light can irradiate a continuous region or one or
more discrete regions. Light can irradiate various regions
from different directions. For example, light can be adminis-
tered from one or both of a right side of a patient’s body (e.g.,
the right side of the patient’s face) and from a left side of a
patient’s body (e.g., the left side of the patient’s face). Light
can be administered so that it is angled upward toward a
region, or can be administered so that it is angled downward
to toward a region. In some embodiments, light is adminis-
tered from one or more stationary sources. For example, a
light source can remain stationary during administration. In
some embodiments, light is administered from one or more
moving light sources. A light source can be displaced, can be
angled, can be rotated, or any combination thereof. Light can
be administered from a continuously moving source, or can
be administered from a discretely or abruptly moving source.

An effective amount of light can be administered. An effec-
tive amount of light is an amount of light that is effective to
regulate bone remodeling or tooth movement when adminis-
tered before, during or after an orthodontic appliance, e.g., a
functional appliance, exerts a force on oral or maxillofacial
bone, muscle or soft tissue, or one or more teeth of a patient,
or before, during or after vitamin D is administered to the
patient. In some embodiments, bone remodeling also results
in or affect tooth movement regulation, tooth-root resorption,
bone resorption, inflammatory dentin resorption, cementum
resorption, tissue inflammation, or remodeling of maxillary
or mandibular bone. The properties can include, but are not
limited to: light intensity, light wavelength, light coherency,
light range, peak wavelength of emission, light energy den-
sity, continuity, pulsing, duty cycle, frequency, duration, or
whether a light emitter is on or off.

A method for regulating bone remodeling, such as oral
maxillofacial bone remodeling, can further comprise deter-
mining an effective dosage of light. The determination can be
based on an intended oral or maxillofacial bone remodeling
regulation effect. The method can further comprise selecting
on or more light properties to provide the effective dosage of
light. The method can further comprise receiving instructions
from a controller, and emitting light having particular prop-
erties. The controller can be any controller described herein or
can implement any of the steps described herein.

Light can be administered from one or more light source
capable of irradiating light having intended properties. A light
source can emit light from one or more light emitters. In some
embodiments, a light source comprises about 10 to about 15
emitters, about 15 to about 20 emitters, about 20 to about 30
emitters, about 30 to about 40 emitters, about 40 to about 50
emitters, about 50 to about 70 emitters, or about 70 emitters to
about 100 emitters. For example, light can be administered
from a light source, which can comprise one or more of the
following emitters: a light-emitting diode (LED), which can
be present in an array; and a laser, for example a vertical
cavity surface emitting laser (VCSEL) or other suitable light
emitter such as an Indium-Gallium-Aluminum-Phosphide
(InGaAlP) laser, a Gallium-Arsenic Phosphide/Gallium
Phosphide (GaAsP/GaP) laser, or a Gallium-Aluminum-Ar-
senide/Gallium-Aluminum-Arsenide (GaAlAs/GaAs) laser.
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In one embodiment the light source comprises a plurality of
lasers. A plurality of light emitters can emit light at one or
more different wavelengths. Alternatively, one or more light
emitters can emit light at the same wavelength for a light
source. One or more light emitters can be arranged on a light
source in any manner, such as a linear array or another
arrangement described herein.

An effective amount of light has an intensity that is effec-
tive in the present methods. In one embodiment, the light
intensity is at least about 10 mW/cm?. In other embodiments,
the light intensity is about 1 mW/cm?® or greater, about 3
mW/cm? or greater, about 5 mW/cm? or greater, about 7
mW/cm? or greater, about 12 mW/cm? or greater, about 15
mW/cm? or greater, about 20 mW/cm?® or greater, about 30
mW/cm? or greater, about 50 mW/cm? or greater, about 75
mW/cm? or greater, about 100 mW/cm? or greater, about 200
mW/cm? or greater, about 500 mW/cm? or greater, or about 1
W/cm? or greater. In other embodiments, the light intensity is
about 20 mW/cm? or less, about 30 mW/cm? or less, about 50
mW/cm? or less, about 75 mW/cm? or less, about 100
mW/cm? or less, about 200 mW/cm? or less, about 500
mW/cm? or less, about 1 W/em? or less, about 2 W/em? or
less, about 5 W/cm? or less, or about 10 W/cm? or less. In one
embodiment the light intensity ranges from about 1 mW/cm2
to about 10 W/cm?. In another embodiment, the light inten-
sity’s lower range is about 3 mW/cm?, about 5 mW/cm?,
about 7 mW/cm?, about 12 mW/cm?, about 15 mW/cm?,
about 20 mW/cm?, about 30 mW/cm?, about 50 mW/cm?,
about 75 mW/cm?, about 100 mW/cm?, about 200 mW/cm?,
about 500 mW/cm?, or about 1 W/cm?. In another embodi-
ment, the light intensity’s upper range is about 20 mW/cm?,
about 30 mW/cm?>, about 50 mW/cm?, about 75 mW/cm?,
about 100 mW/cm?, about 200 mW/cm?, about 500 mW/cm?,
about 1 W/cm?, about 2 W/cm?, about 5 W/em?, or about 10
W/cm?. Light can be administered having an intensity falling
within a range determined by any of the intensities mentioned
above. In some embodiments the intensity is an average inten-
sity. In some embodiments, the light has an intensity in the
range of about 10 mW/cm? to about 60 mW/cm?, or about 20
mW/cm? to about 60 mW/cm?. In such embodiments, the
peak light intensity can about 50 mW/cm? or greater. A peak
wavelength is the wavelength at which the highest intensity of
light is emitted. In some embodiments, light can be pulsed. In
other embodiments, the output of light is continuous. In some
embodiments, the light intensity can vary over time in a
cyclical or non-cyclical fashion. The light intensity can vary
with or without pulsing. In some embodiments, pulse width
modulation can be used to effect a desired light intensity. If
one or more wavelengths of light are administered, then each
wavelength can be administered at its own intensity.

In some embodiments, an effective amount of light
includes light having a wavelength that is within in a particu-
lar range, or light of a range of wavelengths. The light is not
necessarily visible light. For example, the light can include
infrared light or near-infrared light. The light can also be
provided in the visible light region. Light can be administered
having one or more wavelengths ranging from about 620 nm
to about 1000 nm. In some embodiments, administered light
has one or more wavelengths ranging from about 585 nm to
about 665 nm, about 666 nm to about 814 nm, about 815 nm
to about 895 nm, about 640 nm to about 680 nm, or about 740
nm to about 780 nm, or any given wavelength or range of
wavelengths within those ranges, such as, for example, about
625 nm or about 855 nm, or about 605 nm to about 645 nm, or
about 835 nm to about 875 nm. In some embodiments, the
administered light has one or more wavelengths from about
605 nm to about 645 nm, or from about 835 nm to about 875
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nm. In some embodiments, the administered light has one or
more wavelengths from about 615 nm to about 635 nm, or
from about 845 nm to about 865 nm. In some embodiments,
the wavelengths of the administered light is about 625 nm or
about 855 nm. In additional embodiments, the administered
light has one or more wavelengths ranging from about 400 nm
to about 1200 nm. In particular embodiments, the adminis-
tered light has one or more wavelengths ranging from about
500 nm to about 700 nm, about 585 nm to about 665 nm,
about 605 nm to about 630 nm, about 620 nm to about 680
nm, about 666 nm to about 814 nm, about 815 nm to about
895 nm, about 820 nm to about 890 nm, about 640 nm to
about 680 nm, or about 740 nm to about 780 nm. In some
embodiments the administered light has one or more wave-
lengths in one or both of the following wavelength ranges:
about 820 to about 890 nm and about 620 to about 680 nm. In
some embodiments, the administered light has one or more
wavelengths in the ranges of about 820 to about 890 nm and
about 620 nm to about 680 nm. In some embodiments, the
administered light has one or more wavelengths in the ranges
of about 815 to about 895 nm and about 585 to about 665 nm.
The administered light can alternatively have one or more
wavelengths in one or more of the following ranges: about
613 nm to about 624 nm, about 667 nm to about 684 nm,
about 750 nm to about 773 nm, about 812 nm to about 846
nm. Inone embodiment, the light wavelength’s lower range is
about 400 nm, about 450 nm, about 500 nm, about 550 nm,
about 585 nm, about 595 nm, about 605 nm, about 613 nm,
about 615 nm, about 620 nm, about 624 nm, about 625 nm,
about 640 nm, about 650 nm, about 667 nm, about 680 nm,
about 710 nm, about 740 nm, about 750 nm, about 770 nm,
about 812 nm, about 815 nm, about 820 nm, about 835 nm,
about 845 nm, or about 860 nm. In another embodiment, the
light wavelength’s upper range is about 585 nm, about 605
nm, about 624 nm, about 630 nm, about 635 nm, about 645
nm, about 655 nm, about 660 nm, about 665 nm, about 680
nm, about 684 nm, about 700 nm, about 725 nm, about 755
nm, about 773 nm, about 780 nm, about 795 nm, about 815
nm, about 830 nm, about 846 nm, about 855 nm, about 865
nm, about 875 nm, about 890 nm, about 895 mm, about 935
nm, about 975 nm, about 1000 nm, about 1050 nm, about
1100 nm, or about 1200 nm.

The wavelengths of light administered can be limited to
any of the ranges or limits described above. Additionally, the
wavelengths of light administered with a sufficient intensity
to be an effective amount can be limited to any of the ranges
or limits described above.

For example, in some embodiments, light administered to
a region does not have wavelengths exceeding one or more of
the following: about 585 nm, about 605 nm, about 624 nm,
about 630 nm, about 635 nm, about 645 nm, about 655 nm,
about 660 nm, about 665 nm, about 680 nm, about 684 nm,
about 700 nm, about 725 nm, about 755 nm, about 773 nm,
about 780 nm, about 795 nm, about 815 nm, about 830 nm,
about 846 nm, about 855 nm, about 865 nm, about 875 nm,
about 890 nm, about 895 nm, about 905 nm, about 910 nm,
about 915 nm, about 920 nm, about 935 nm, about 975 nm,
about 1000 nm, about 1050 nm, about 1100 nm, or about 1200
nm. For example, no light exceeding about 585 nm, about 605
nm, about 624 nm, about 630 nm, about 635 nm, about 645
nm, about 655 nm, about 660 nm, about 665 nm, about 680
nm, about 684 nm, about 700 nm, about 725 nm, about 755
nm, about 773 nm, about 780 nm, about 795 nm, about 815
nm, about 830 nm, about 846 nm, about 855 nm, about 865
nm, about 875 nm, about 890 nm, about 895 nm, about 905
nm, about 910 nm, about 915 nm, about 920 nm, about 935
nm, about 975 nm, about 1000 nm, about 1050 nm, about
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1100 nm, or about 1200 nm can be administered to a selected
region. In some examples, light administered to a region does
not have wavelengths below one or more of the following:
about 400 nm, about 450 nm, about 500 nm, about 550 nm,
about 585 nm, about 595 nm, about 605 nm, about 613 nm,
about 615 nm, about 620 nm, about 624 nm, about 625 nm,
about 640 nm, about 650 nm, about 667 nm, about 680 nm,
about 710 nm, about 740 nm, about 750 nm, about 770 nm,
about 812 nm, about 815 nm, about 820 nm, about 835 nm,
about 845 nm, or about 860 nm. For example, no light below
about 400 nm, about 450 nm, about 500 nm, about 550 nm,
about 585 nm, about 595 nm, about 605 nm, about 613 nm,
about 615 nm, about 620 nm, about 624 nm, about 625 nm,
about 640 nm, about 650 nm, about 667 nm, about 680 nm,
about 710 nm, about 740 nm, about 750 nm, about 770 nm,
about 812 nm, about 815 nm, about 820 nm, about 835 nm,
about 845 nm, or about 860 nm is administered to a selected
region. In some embodiments, the light administered does not
comprise a wavelength of about 600 nm or less. In some
embodiments, the light administered does not comprise a
wavelength of about 1000 nm or greater. In some embodi-
ments, the light administered does not comprise a wavelength
of'about 600 nm or less and does not comprise a wavelength
of about 1000 nm or greater.

In some embodiments, light administered to a region with
a sufficient intensity to be an effective amount in the present
methods does not have wavelengths exceeding one or more of
the following: about 585 nm, about 605 nm, about 624 nm,
about 630 nm, about 635 nm, about 645 nm, about 655 nm,
about 660 nm, about 665 nm, about 680 nm, about 684 nm,
about 700 nm, about 725 nm, about 755 nm, about 773 nm,
about 780 nm, about 795 nm, about 815 nm, about 830 nm,
about 846 nm, about 855 nm, about 865 nm, about 875 nm,
about 890 nm, about 895 nm, about 905 nm, about 910 nm,
about 915 nm, about 920 nm, about 935 nm, about 975 nm,
about 1000 nm, about 1050 nm, about 1100 nm, or about 1200
nm. For example, no light having a sufficient intensity to be an
effective amount for oral or maxillofacial bone remodeling
and exceeding about 585 nm, about 605 nm, about 624 nm,
about 630 nm, about 635 nm, about 645 nm, about 655 nm,
about 660 nm, about 665 nm, about 680 nm, about 684 nm,
about 700 nm, about 725 nm, about 755 nm, about 773 nm,
about 780 nm, about 795 nm, about 815 nm, about 830 nm,
about 846 nm, about 855 nm, about 865 nm, about 875 nm,
about 890 nm, about 895 nm, about 905 nm, about 910 nm,
about 915 nm, about 920 nm, about 935 nm, about 975 nm,
about 1000 nm, about 1050 nm, about 1100 nm, or about 1200
nm can be administered to a selected region. In some
examples, light administered to a region with a sufficient
intensity to be an effective amount in the present methods
does not have wavelengths exceeding one or more of the
following: about 400 nm, about 450 nm, about 500 nm, about
550 nm, about 585 nm, about 595 nm, about 605 nm, about
613 nm, about 615 nm, about 620 nm, about 624 nm, about
625 nm, about 640 nm, about 650 nm, about 667 nm, about
680 nm, about 710 nm, about 740 nm, about 750 nm, about
770 nm, about 812 nm, about 815 nm, about 820 nm, about
835 nm, about 845 nm, or about 860 nm. For example, no light
having a sufficient intensity to be an effective amount in the
present methods and below about 400 nm, about 450 nm,
about 500 nm, about 550 nm, about 585 nm, about 595 nm,
about 605 nm, about 613 nm, about 615 nm, about 620 nm,
about 624 nm, about 625 nm, about 640 nm, about 650 nm,
about 667 nm, about 680 nm, about 710 nm, about 740 nm,
about 750 nm, about 770 nm, about 812 nm, about 815 nm,
about 820 nm, about 835 nm, about 845 nm, or about 860 nm
is administered to a selected region. In some embodiments,
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the light administered does not comprise a wavelength of
about 600 nm or less having a sufficient intensity to be an
effective amount for the present methods. In some embodi-
ments, the light administered does not comprise a wavelength
of'about 1000 nm or greater having a sufficient intensity to be
an effective amount for the present methods. In some embodi-
ments, the light administered does not comprise a wavelength
of'about 600 nm or less having a sufficient intensity to be an
effective amount for the present methods and does not com-
prise a wavelength of about 1000 nm or greater having a
sufficient intensity to be an effective amount for the present
methods.

In some embodiments, light is administered at one, two, or
more of the light ranges described. In some embodiments,
light is not administered outside of one, two, or more of the
light ranges described. In some embodiments, light is not
administered with a sufficient intensity to constitute an effec-
tive amount for regulating bone remodeling outside of one,
two, or more of the light ranges described. In other embodi-
ments, administered light has other wavelengths, as desired
for a particular application. In some embodiments, light hav-
ing a first set of characteristics (e.g., wavelength, intensity,
pulsing, timing) is administered to a first region, and light
with a second set of characteristics is administered to a second
region. The first region and the second region can be the same
region, can partially overlap, or can not overlap. The first set
of characteristics can be the same as the second set of char-
acteristics, can partially overlap with the second set, or can all
be different from the second set. In one embodiment, one
region of a bone (e.g., a maxillary bone, mandibular bone, or
temporal bone) receives light within a first wavelength range,
while another region of the bone receives light within a sec-
ond wavelength range. The first and second wavelengths can
overlap. Alternatively, the first and second wavelengths do
not overlap.

Although examples of light wavelength ranges are pro-
vided below for different applications, light having any other
light wavelength value, which can include those described
above, can be administered for those applications.

Administering to the maxillary bone, mandibular bone, or
temporal bone (e.g., at a temporomandibular joint, condyle,
or glenoid fossa) or to any other oral or maxillofacial bone,
soft tissue, or muscle, or one or more teeth of a patient light
having a wavelength in the range of about 815 nm to about
895 nm, such as about 835 nm to about 875 nm, or about 855
nm in conjunction with a functional appliance and/or admin-
istering vitamin D, is useful for increasing the rate of bone
remodeling or tooth movement. In another embodiment,
intra-orally administering to the maxillary bone, mandibular
bone, or temporal bone, or to any other oral or maxillofacial
bone, soft tissue, or muscle, or one or more teeth of a patient
light having a wavelength in the range of about 815 nm to
about 895 nm, such as about 835 nm to about 875 nm, or about
855 nm in conjunction with a functional appliance and/or
administering vitamin D, is useful for increasing the rate of
bone remodeling.

Administering to the maxillary bone, mandibular bone, or
temporal bone (e.g., at a temporomandibular joint, condyle,
or glenoid fossa) or to any other oral or maxillofacial bone,
soft tissue, or muscle, or one or more teeth of a patient light
having a wavelength in the range of about 585 nm to about
665 nm, such as about 605 nm to about 645 nm, or about 625
nm in conjunction with a functional appliance and/or admin-
istering vitamin D, is useful for regulating bone remodeling.
In another embodiment, intra-orally administering to the
maxillary bone, mandibular bone, or temporal bone or to any
other oral or maxillofacial bone, soft tissue, or muscle, or one
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or more teeth of a patient light having a wavelength in the
range of about 585 nm to about 665 nm, such as about 605 nm
to about 645 nm, or about 625 nm in conjunction with a
functional appliance and/or administering vitamin D, is use-
ful for bone remodeling. In one embodiment, administration
of'the light increases the rate of bone remodeling, such as oral
or maxillofacial bone remodeling.

Administering to the maxillary bone, mandibular bone, or
temporal bone (e.g., at a temporomandibular joint, condyle,
or glenoid fossa) or to any other oral or maxillofacial bone,
soft tissue, or muscle, or one or more teeth of a patient light
having a wavelength in the range of about 666 nm to about
814 nm is useful for increasing the rate of bone remodeling. In
another embodiment, intra-orally administering to the max-
illary bone, mandibular bone, or temporal bone or to any other
oral or maxillofacial bone, soft tissue, or muscle, or one or
more teeth of a patient light having a wavelength in the range
of about 666 nm to about 814 nm in conjunction with a
functional appliance and/or administering vitamin D, is use-
ful for increasing the rate of bone remodeling.

Administering to the alveolus and/or teeth of a patient light
having a wavelength in the range of about 815 nm to about
895 nm, such as about 835 nm to about 875 nm, or about 855
nm in conjunction with a functional appliance and/or admin-
istering vitamin D, is useful for regulating bone remodeling
and increasing the rate of movement of teeth. In another
embodiment, intra-orally administering to the alveolus and
teeth of a patient light having a wavelength in the range of
about 815 nm to about 895 nm, such as about 835 nm to about
875 nm, or about 855 nm in conjunction with a functional
appliance and/or administering vitamin D, is useful for regu-
lating bone remodeling and increasing the rate of movement
of teeth. In one embodiment administration of the light
increases the rate of oral or maxillofacial bone remodeling. In
some embodiments, the regulation of oral or maxillofacial
bone remodeling can result in the regulation of tooth move-
ment. In one embodiment, increasing the rate of tooth move-
ment does not increase the tipping motion of teeth beyond that
which is experienced by orthodontic patients who are not
provided with light.

Administering to the alveolus and/or teeth of a patient light
having a wavelength in the range of about 585 nm to about
665 nm, such as about 605 nm to about 645 nm, or about 625
nm in conjunction with a functional appliance and/or admin-
istering vitamin D, is likewise useful for regulating bone
remodeling. In another embodiment, intra-orally administer-
ing to the alveolus and teeth of a patient light having a wave-
length in the range of about 585 nm to about 665 nm, such as
about 605 nm to about 645 nm, or about 625 nm in conjunc-
tion with a functional appliance and/or administering vitamin
D, is likewise useful for regulating bone remodeling. In one
embodiment, administration of the light increases the rate of
tooth movement.

In one embodiment administration of light having a wave-
length in the range of about 585 nm to about 665 nm, in
conjunction with a functional appliance and/or administering
vitamin D increases the amount or extent of bodily tooth
movement to a greater degree than administration with light
having a wavelength in the range of about 815 nm to about
895 nm. Administering light having a wavelength in the range
of about 585 nm to about 665 nm (e.g., about 625 nm) can
result in about 10% to about 50% less tipping than the admin-
istration of light having a wavelength in the range of about
815 nm to about 895 nm (e.g., about 855 nm). For example,
about 10%, about 15%, about 20%, about 25%, about 30%,
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about 35%, about 40%, about 45%, or about 50% less tipping
can occur. Particular wavelengths of light can minimize tip-
ping.

Thus, in one embodiment administration of light having a
wavelength in the range of about 605 nm to about 645 nm,
such as about 625 nm, in conjunction with a functional appli-
ance, is useful for facilitating the bodily movement of teeth in
orthodontic treatment and optionally increase bone remodel-
ing. In some embodiments the methods further comprise
increasing bone remodeling. In another embodiment admin-
istration of light having a wavelength in the range of about
835 to about 875 nm, such as about 855 nm, is useful for
increasing the rate of movement of teeth for which some
degree of tipping movement is desirable or acceptable and
also for regulating bone remodeling.

In other embodiments administration of light having a
wavelength in the range of about 605 nm to about 645 nm,
such as about 625 nm, in conjunction with a functional appli-
ance and/or administering vitamin D, is useful for increasing
the quality or degree of bone remodeling, such as oral or
maxillofacial bone remodeling. Accordingly the present
invention further relates to methods for increasing the quality
or degree of oral or maxillofacial bone remodeling, compris-
ing extra-orally administering to a patient in need thereof an
effective amount of light transdermally to a region of the
patient’s oral or maxillofacial bone, muscle, or soft tissue or
one or more teeth, such as a maxillary bone, mandibular bone,
temporal bone, or other regions as described anywhere above.
In other embodiments, the present invention further relates to
methods for increasing the quality or degree of oral or max-
illofacial bone remodeling, comprising intra-orally adminis-
tering to a patient in need thereof an effective amount of light
to aregion of the patient’s oral or maxillofacial bone, muscle,
or soft tissue, or one or more teeth, such as a maxillary bone,
mandibular bone, temporal bone, or other regions as
described anywhere above. For example, light can be admin-
istered to regions of one or both temporomandibular joint,
condyle, glenoid fossa, or oral or maxillofacial bone or tissue.

Bone remodeling can include changes in any bone charac-
teristic, such as, but not limited to, bone shape, bone volume,
bone density, or bone mineral content. In some embodiments,
bone remodeling can include bone growth or resorption.
Adjusting bone growth or bone resorption can result in alter-
ing bone shape or position (i.e., tooth movement). Increasing
the quality or degree of bone remodeling can aid in adjusting
the shape or position of bone (such as a mandibular bone or
maxillary bone), or can aid in increasing the retention of teeth
in a particular position, for example, in a position resulting
from orthodontic treatment or resulting from oral or maxil-
lofacial bone remodeling. Increasing the quality or degree of
bone remodeling can aid in decreasing the potential for teeth
to move back to a previous position, for example, a position
prior to orthodontic treatment or prior to oral or maxillofacial
bone remodeling. Thus, administration with light having a
wavelength in the range of about 585 nm to about 665 nm, or
about 605 nm to about 645 nm, or about 615 nm to about 635
nm, or about 625 nm, optionally also with light in the range of
815 nm to 895 nm, can be useful for stabilizing the movement
of teeth prior to, subsequent to or concurrently with bone
remodeling or orthodontic treatment.

Accordingly, in other embodiments, the present methods
further comprise performing orthodontic treatment, such as
installing one or more conventional orthodontic appliances
on the patient, prior to, subsequent to or concurrently with the
administration of light. In one embodiment, the conventional
orthodontic appliance is a retainer device or a passive orth-
odontic appliance. Other suitable conventional appliances
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caninclude, for example, removable retainers, such as a Haw-
ley retainer, or a vacuum formed retainer, or fixed retainers,
such as a bonded lingual retainer. These conventional appli-
ances can assist in maintaining tooth position prior to, subse-
quent to or concurrently with the administration of light, for
example by stimulating bone remodeling. In some embodi-
ments, the present methods further comprise regulating oral
or maxillofacial bone remodeling, such as installing one or
more functional appliances to a patient prior to, subsequent to
or concurrently with the administration of light. Administra-
tion with light having a wavelength in the range of about 815
nm to about 895 nm, or about 835 nm to about 875 nm, or
about 845 nm to about 865 nm, or about 855 nm, can also be
useful for stabilizing tooth movement, in one embodiment
prior to, subsequent to or concurrently with oral or maxillo-
facial bone remodeling or orthodontic treatment. In one
embodiment, administration of light having wavelengths in
the range of about 585 nm to about 665 nm increases bone
remodeling to a greater degree or extent that does adminis-
tration of light having wavelengths in the range of about 815
nm to about 895 nm.

Tooth-root resorption can include breakdown or destruc-
tion, or subsequent loss, of the root structure of a tooth.
Tooth-root resorption can be caused by differentiation of
macrophages into osteoclasts in surrounding tissue which, if
in close proximity to the root surface can resorb the root
surface cementum and underlying root dentine. Tooth-root
resorption can be exaserbated by heavy or supra-physiologic
orthodontic forces that exert on periodontal tissue pressure
that is higher than the normal physiologic capillary and inter-
stitial pressure. This prevents normal blood flow, which can
cause schema (lack of blood supply) and ultimately cell death
of soft tissue and bone in the periodontium. These dead tis-
sues, otherwise know as a “hyalinized zone,” are removed
through multi-nucleated cells and undermining respiration
process and in many cases healthy bone, cementum and den-
tin are resorbed through this process.

Accordingly, administering light having a particular wave-
length, is useful for modulating the speed, quality and type of
bone remodeling, such as tooth movement, e.g., bodily or
tipped, and for increasing or stabilizing tooth movement. In
some embodiments, stabilizing tooth movement can com-
prise moving one or more teeth with less tipping. Stabilizing
tooth movement can also include retarding or arresting tooth
movements in particular ways. For example, this can include
minimizing the amount of, or eliminating, slanting (or tip-
ping). Administration of light can also be useful for inducing
bone remodeling. Administration of light can also be useful
for reducing, minimizing, or preventing tooth root resorption,
bone resorption, inflammatory dentin or cementum resorp-
tion, or inflammation of tissue.

In some embodiments, the light is administered to substan-
tially the entirety of a patient’s body. In some embodiments,
the light can be administered to substantially the entirety of a
patient’s oral or maxillofacial bone, muscle, or soft tissue, or
one or more teeth, such as the patient’s maxillary and man-
dibular bone. Alternatively, using a light-therapy apparatus or
other suitable apparatus, light of one or more particular wave-
lengths can be administered to different selected regions of a
patient’s maxillary and mandibular alveolar bone, or teeth, in
order to effect movement of the mandibular bone or maxillary
bone or teeth (e.g., anchor (no movement), bodily, or tipped)
in one or more regions of a patient’s mouth. For example, one
or more regions in which it is desired that the maxillary bone
or mandibular bone or teeth not be moved or changed, or that
the teeth serve as an anchor to facilitate movement of teeth in
other selected regions of the patient’s jaw, can be optionally
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screened or masked such that they receive no light. Alterna-
tively, in one or more regions in which it is desired that the
maxillary bone or mandibular bone or teeth not be moved or
changed do not receive light as light emitters over such
regions are turned off. Regions in which itis desired that bone
remodeling occur or that teeth be moved bodily can be admin-
istered with light having a wavelength in the range of about
585 nmto about 665 nm, in the range of about 605 nm to about
645 nm, about 615 nm to about 635 nm, or about 625 nm.
Regions in which it is desired to have bone remodeling or
increase tooth movement but permit some tipping of the teeth
can be administered with light having a wavelength in the
range of about 815 nm to about 895 nm, about 835 nm to
about 875 nm, about 845 nm to about 865 nm, or about 855
nm. Bone remodeling or tooth movement can be selectively
regulated by administering an effective amount of light hav-
ing one wavelength to one or more selected regions of a
patient’s maxillary bone, mandibular bone, temporal bone,
and by administering an effective amount of light having a
different wavelength to one or more different selected regions
of the bone.

In some embodiments, light is administered within a nar-
row range of wavelengths (e.g., 50 nm or less, 30 nm or less,
20 nm or less, 10 nm or less, 5 nm or less), or at a single
wavelength. In some embodiments, light is administered at a
limited wavelength range (e.g., 1000 nm or less, 700 nm or
less, 600 nm or less, 500 nm or less, 400 nm or less, 300 nm
orless, 250 nm or less, 200 nm or less, 150 nm or less, 100 nm
or less, or 75 nm or less). In some embodiments, the light
administered does not include wavelengths beyond the nar-
row or limited range of wavelengths. The narrow or limited
range of wavelengths can have any of the upper or lower
limits of wavelength as described previously. In some
embodiments, however, the light administered does not
include light with a sufficient intensity to constitute an effec-
tive amount having wavelengths beyond the narrow or limited
range of wavelengths.

In some embodiments, light is emitted at one, two, or more
peak wavelengths of emission. A peak wavelength is the
wavelength at which the highest intensity of light is emitted.
In some embodiments, light is administered at a range of
wavelengths thatincludes a peak wavelength having the high-
est intensity within the range. In some embodiments, a peak
wavelength is at about 620 nm, about 640 nm, about 650 nm,
about 655 nm, about 660 nm, about 665 nm, about 670 nm,
about 680 nm, about 690 nm, about 800 nm, about 820 nm,
about 830 nm, about 835 nm, about 840 nm, about 845 nm,
about 850 nm, about 860 nm, about 870 nm, about 890 nm,
about 910 or about 930 nm. In some embodiments, the admin-
istered light does not have wavelengths that vary from the
peak wavelength by more than about 1 nm, about 2 nm, about
3 nm, about 5 nm, about 10 nm, about 15 nm, about 20 nm,
about 30 nm, about 40 nm, about 50 nm, about 75 nm, about
100 nm, about 150 nm, about 200 nm, about 250 nm, about
300 nm, about 400 nm, or about 500 nm.

Where two or more light wavelengths are administered, the
light can be administered at any ratio of each wavelength’s
intensity. For example, light administered at a first wave-
length can have an intensity that is about 1.1x, 1.2x, 1.3x,
1.5x%, 1.7x, 2.0x, 2.5%, 3.0x, 3.5%, 4.0x, 5.0x, 10x, 12x, 15x,
20x, 30x, 50, 100x that of light administered at a second
wavelength. In some embodiments, the administered light is
emitted from one or more light emitters, in another embodi-
ment, from one or more light emitters having a first set of
properties and, optionally, from a second set of light emitters
having a second set of properties. In other embodiments, the
number of light emitters having a first set of characteristics
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exceeds that of the light emitters having a second set of
characteristics. For example, the number of light emitters
having the first set of characteristics can be about 1.1x, 1.2x,
1.3x, 1.5x, 1.7x, 2.0x, 2.5%, 3.0x, 3.5%, 4.0x, 5.0x, 10x, 12x,
15x%, 20x%, 30x, 50x, 100x the number of light emitters having
the second set of characteristics, or vice versa.

The light can optionally be substantially monochrome.
When light is “substantially monochrome” it consists of a
single wavelength or comprises other wavelengths that are
emitted at an intensity that is ineffective in the present meth-
ods, including for regulating oral or maxillofacial bone
remodeling when administered to the oral or maxillofacial
bone, muscle, or soft tissue, or one or more teeth of a patient,
with or without allowing a functional appliance to exert a
force on oral or maxillofacial bone, muscle, or soft tissue, or
one or more teeth of the patient. In some embodiments, a
substantially monochromatic light is emitted at a narrow
range of wavelengths without being emitted at other wave-
lengths outside the range or without an effective intensity of
light being emitted at other wavelengths outside the range. In
some embodiments, a substantially monochromatic light is
emitted within an about 5 nm or less, about 10 nm or less, or
about 20 nm or less wavelength range without being emitted
at other wavelengths outside the range or without an effective
intensity of light being emitted at other wavelengths outside
the range. Administering light from light emitters that emit at
multiple wavelengths can allow for irradiation over multiple
wavelengths or greater selectivity and precision in adminis-
tration. The light can optionally comprise incoherent light. In
some embodiments, light is administered at a single fre-
quency, light can have a phase that drifts relatively quickly, a
pulse of light waves can have an amplitude that changes
quickly, or a light wave can encompass a broad range of
frequencies.

Light can be administered directly from a light emitter.
Light can be emitted and can travel directly through a
patient’s skin, such as the patient’s face, to a region. In
another embodiment, the light is administered intra-orally to
a region or the oral tissue above the region. In some embodi-
ments, light is modified by optics before reaching the
patient’s face or traveling through the patient’s skin. For
example, light can be diffused, focused, parallel, reflected,
redirected, or filtered after it is emitted and before it reaches
the patient’s face or travels through the patient’s skin. In one
embodiment, light of one or more wavelengths is selectively
blocked or partially filtered before reaching the patient’s face
oraregion. In some embodiments, light diverges or converges
from an emission source before reaching the region. For
example, light can diverge in a beam having an included angle
O in the range of about 45-60°. The emitted light diverge to
have an included angle ® of 0 to about 15°, 0 to about 30°, 0
to about 45°, 0 to about 60°, 0 to about 75°, 0 to about 90°, or
0 to about 120°.

Light that irradiates the region can optionally have the
same or about the same characteristics as light that is emitted.
In some embodiments, light that reaches the region does not
have the same characteristics as the light that is emitted. One
or more of the light characteristics can optionally be altered
prior to administration or when it passes through the face of
the patient. One or more of the light characteristics can
optionally be altered when it passes through optics, such as
one or more lenses or mirrors. For example, one or more of the
light characteristics can be altered in the range of about +20%
or less, about £15% or less, about £10% or less, about 5% or
less, about 3% or less, about £1% or less, about +0.5% or
less, or about £0.1% or less.
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An effective dosage of light can have an energy density that
irradiates from a light source. For example, an effective dos-
age of irradiated light can be from about 24 J/cm? to about 200
J/em?. The effective dosage of irradiated light can be admin-
istered once or repetitively. In some other embodiments, the
effective dosage has an irradiated light energy density that is
from about 30 J/cm? to about 100 J/cm?®. In other embodi-
ments, the dosage of light is about 5 J/cm? or less, about 10
J/em? or less, about 20 J/cm? or less, about 30 J/cm? or less,
about 50 J/cm® or less, about 75 J/em? or less, about 100 J/cm?
orless, about 125 J/em? or less, about 150 J/em? or less, about
175 J/cm? or less, or about 200 J/cm2 or less. The dosage of
light can be about 1 J/cm?® or more, about 5 J/cm® or more,
about 10 J/cm? or more, about 20 J/cm? or more, about 25
J/em? or more, about 30 J/em2 or more, about 40 J/cm?2 or
more, about 50 J/em? or more, about 60 J/cm? or more, about
75 J/em? or more, about 100 J/em? or less, about 125 J/em? or
more, about 150 J/cm? or more, or about 175 J/em? or more.
The dosage of irradiated light can be in a range bounded by
any of the energy density values described above. The dosage
oflight can be increased, for example, by using a light source
that emits light having a relatively higher average intensity, or
by increasing the duration of administration of light.

An effective dosage of light can have an energy density that
reaches a region, such as the mandibular bone, maxillary
bone, or temporal bone. For example, an effective dosage of
light that reaches a region can be from about 0.5 J/cm? to
about 100 J/cm?. The effective dosage of light that reaches the
region can be administered once or repetitively. In some other
embodiments, the effective dosage has an irradiated light
energy density that is from about 1 J/cm?to about 50 J/cm?. In
other embodiments, the dosage of light is about 0.5 J/em® or
less, about 1 J/em? or less, about 2 J/cm? or less, about 5 J/cm?
orless, about 10 J/em? or less, about 15 J/em? or less, about 20
J/em? or less, about 30 J/cm? or less, about 40 J/cm? or less,
about 50 J/cm? or less, about 70 J/cm? or less, about 80 J/cm?
or less, about 90 J/cm? or less, or about 100 J/cm? or less. The
dosage of light can be about 0.5 J/em? or more, about 1 J/cm?
or more, about 2 J/cm? or more, about 3 J/cm? or more, about
5 J/em? or more, about 10 J/cm? or more, about 15 J/cm? or
more, about 20 J/cm? or more, about 30 J/em? or more, about
40 J/cm? or more, about 50 J/cm? or less, about 60 J/cm? or
more, about 70 J/cm? or more, or about 80 J/cm? or more. The
dosage of light that reaches the region can be in a range
bounded by any of the energy density values described above.

The duration over which the effective dosage, which is
optionally repetitive, is administered can range from about 10
minutes to about 40 minutes. In some embodiments, the dos-
age is administered over a period of time equaling about 30
seconds or more, about 1 minute or more, about 2 minutes or
more, about 3 minutes or more, about 5 minutes or more,
about 7 minutes or more, about 10 minutes or more, about 15
minutes or more, about 20 minutes or more, about 25 minutes
or more, about 30 minutes or more, about 40 minutes or more,
about 50 minutes or more, about 1 hour or more, about 1 hour
15 minutes or more, about 1 hour 30 minutes or more, or
about 2 hours or more. In other embodiments, the dosage is
administered over a period of time equaling about 3 minutes
or less, about 5 minutes or less, about 10 minutes or less,
about 15 minutes or less, about 20 minutes or less, about 25
minutes or less, about 30 minutes or less, about 35 minutes or
less, about 40 minutes or less, about 50 minutes or less, about
1 hour or less, about 1 hour 15 minutes or less, about 1 hour
30 minutes or less, about 2 hours or less, or about 4 hours or
less. Alternatively, the dosage can be administered in a range
of time within any of the time values described above. Such
light therapy can include light emission that has been pro-
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vided externally, such as, for example, extra-orally. In some
embodiments, one or more internal, such as, for example,
intra-oral, light blocking masks or shades can be used. An
internal or oral mask can block one or more wavelengths of
light, or can reduce the intensity of one or more wavelengths
of'light, from reaching a region covered by the internal or oral
mask. This can include an upper arch (e.g., maxillary teeth),
lower arch (e.g., mandibulary teeth), right side of the man-
dibular bone, left side of the mandibular bone, right side of the
maxillary bone, left side of the maxillary bone, right side of
the temporal bone, or the left side of the temporal bone, such
as the right temporomandibular joint, left temporomandibular
joint, right condyle, left condyle, right glenoid fossa, or left
glenoid fossa. A mask can be provided for any oral or max-
illofacial bone, muscle, or soft tissue, or one or more teeth.
Accordingly in other embodiments the methods further com-
prise applying an intra-oral or extra-oral shade or mask to the
patient. The intra-oral or extra-oral shade or mask can be
applied prior to or concurrently with the administration of
light.

Any time period can be provided between dosages. For
example, the time period between dosages can be on the order
of'seconds, minutes, hours, days, weeks, months, quarter of'a
year, or years.

The effective dosage, which in some embodiments is
repetitive, can be administered with any desired frequency,
e.g., four times daily, three times daily, twice daily, daily,
every second day, weekly, biweekly, monthly, or quarterly. In
some embodiments, dosage is administered at regular inter-
vals (e.g., daily), while in other embodiments, the dosage is
not administered at regular intervals (e.g., administration can
occur 2 times a week at any time during the week). In one
embodiment, light is administered in the morning and at
night. Light can be administered throughout the time period
that a patient is undergoing bone remodeling or tooth move-
ment. In some embodiments, a patient undergoes orthodontic
treatment in addition to undergoing bone remodeling or tooth
movement. Orthodontic treatment can occur prior to, subse-
quent to, or concurrently with oral or maxillofacial bone
remodeling. Light can be administered throughout the time
period that a patient is undergoing orthodontic treatment, or
following treatment to stabilize tooth movement. For
example, light can be administered after a functional appli-
ance or a conventional orthodontic appliance is applied,
removed, adjusted, after an appointment, or after an active
phase, as described herein. It can be desirable to administer
light with greater frequency, e.g. four times daily, three times
daily, twice daily, daily or every second day, while a patient is
undergoing orthodontic treatment. Where light is being
administered for oral or maxillofacial bone remodeling, for
stabilizing tooth movement or to reduce tooth-root resorp-
tion, treatments of reduced frequency, e.g. weekly, biweekly,
monthly, or quarterly, can be used to minimize inconvenience
to patients.

Light can be administered for any length of time. In some
embodiments, light is administered on the order of weeks,
months, quarters, or years. For example, light can be admin-
istered while an orthodontic appliance, such as a functional
appliance, exerts a force on one or more teeth. One or more
dosages of light can be administered over a period of time
during which a patient is undergoing oral or maxillofacial
bone remodeling during which a functional appliance exerts a
force on one or more teeth. In some embodiments, one or
more dosages of light can be administered over a period of
time during which a force is exerted on one or more teeth,
during which a patient is wearing an orthodontic appliance
that itself can exert a force, such as a heavy force, or during
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which a patient is undergoing orthodontic treatment during
which a force, such as a heavy force, may be applied. In some
embodiments, while a patient is undergoing orthodontic treat-
ment or is wearing an orthodontic appliance, a patient is
administered with light. Administration of light, which can
include regular, irregular, continuous or discontinuous
administration of light, can be on the order of days, weeks,
months, quarters, or years. In some embodiments, light is
administered over a plurality of days, weeks, months, quar-
ters, or years. In some embodiments, light is administered
over a plurality of sessions. In some embodiments, one or
more hours, days, weeks, months, quarters, or years occur
between sessions.

If the light emitters are pulsed, then their duty cycle can be
adjusted as desired; e.g., light can be administered with a duty
cycle of about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, or about 90%. The
pulsing can occur with any frequency. For example, light can
be pulsed every picosecond, nanosecond, microsecond, mil-
lisecond, second, multiple seconds, or minutes. Frequencies
can include, but are not limited to, about 1 mHz, about 10
mHz, about 50 mHz, about 100 mHz, about 500 mHz, about
1 Hz, about 2 Hz, about 5 Hz, about 10 Hz, about 15 Hz, about
20 Hz, about 25 Hz, about 30 Hz, about 35 Hz, about 40 Hz,
about 50 Hz, about 70 Hz, about 100 Hz, about 200 Hz, about
500 Hz, or about 1 kHz. Any of the aforementioned charac-
teristics of light emission (e.g., whether the light is on or off,
continuous or pulsed, duty cycle, frequency, intensity, wave-
length) can be varied or maintained. Where the light is emit-
ted from a source having a controller, any characteristics of
light emission can be varied or maintained in accordance with
instructions from its controller.

Where the light is emitted from one or more lights, light
can be controlled so that the number of lights that are on or off
at a given period can be individually controllable. For
example, in some embodiments, a light source is turned on or
off relative to other light sources. Various light sources can be
modulated individually (e.g., one or more properties of a
particular light source can be varied) or otherwise individu-
ally controlled, to expose individual sections of a patient to a
desired energy density. In some embodiments, light sources
can be modulated individually, to expose individual sections
of a patient’s bone or other regions to a desired energy den-
sity. In some embodiments, light sources can be modulated
individually, to expose individual sections of a patient’s oral
or maxillofacial bone, muscle, or soft tissue, or one or more
teeth, such as a maxillary bone, mandibular bone, temporal
bone, or other regions to a desired energy density. This can be
desirable when it is desirable to administer light to different
regions. Thus, the position of light being administered can be
varied. In another embodiment, different types of light
sources are turned on or off relative to other light emitters. For
example, at some times, light emitted in a first wavelength
range can be turned on while light emitted in a second wave-
length range can be turned off, vice versa, or both types of
light emitters can be turned on or off. Thus, the wavelength of
light being administered can be varied. In some embodi-
ments, the intensity of light being administered is varied (e.g.,
by turning some light sources on or off, or varying the inten-
sity emitted by the light sources). Administering light selec-
tively can enable an increased anchorage effect (by reason of
lower tooth mobility) of teeth which are not exposed to any
light, which can thereby permit for more precise bone remod-
eling or movement of teeth during which light is adminis-
tered.

In some embodiments, where infrared light is administered
to aregion, a visible light is also emitted. In one embodiment,
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the visible light is bright, e.g., uncomfortable for a patient to
look at. The bright visible light can deter users or patients
from looking into a light source when it is operating, can
provide a perceptible indication that a light is being emitted,
and can be useful in properly positioning a light source. The
visible light can be, but is not necessarily, of a wavelength
range that is beneficial in the present methods, including for
light therapy or regulating oral or maxillofacial bone remod-
eling. In some embodiments, the ratio of the intensities of the
visible and infrared components of the light is 1 part or less
visible light to 5 parts or more infrared light. In other embodi-
ments, the ratio of the intensities of visible and infrared com-
ponents is about 1 part or more visible light to 5 parts or more
infrared light, 1 part or more visible light to 3 parts infrared
light, 1 part or more visible light to 2 parts infrared light, 1 part
or more visible light to 1 part infra red light, 2 parts or more
visible light to 1 part infrared light, 3 parts or more visible
light to 1 part infrared light, 5 parts or more visible light to 1
part infrared light, 10 parts or more visible light to 1 part
infrared light, or substantially no infrared light. In some
embodiments, light is emitted within a range that includes
wavelengths less than an order of magnitude relative to one
another. Alternatively, the range can include wavelengths
emitted at one, two, three or more orders of magnitude rela-
tive to one another.

The region and desired light characteristics can vary from
patient to patient. A physician, dentist, other health-care pro-
vider or patient can determine a light treatment regimen for a
patient.

In some instances, it is desirable to administer light to less
than all regions of the patient’s bone. For example, in some
instances, it can be desirable to administer light to less than all
regions of the patient’s maxillary or mandibular bone, for
example, if it is desired that teeth or other regions should not
be moved (e.g. it can be desired to regulate the movement of
only the mandibular bone of a patient, or only the maxillary
bone, or to use certain teeth as an anchor when regulating the
movement of other teeth by not administering light to, e.g.,
blocking light from, the anchor teeth). Administering light to
selected regions of the patient’s oral or maxillofacial bone,
muscle, or soft tissue, or muscle, or one or more teeth can
comprise causing light to irradiate one or more selected
regions of the patient’s oral or maxillofacial bone, muscle, or
soft tissue, or one or more teeth, such as tooth roots through
the bone.

In one embodiment, light is selectively administered to less
than all regions of the patient’s mouth before, during, or after
the exertion of a force. In one embodiment, light is not admin-
istered to an anchor region or tooth. In this embodiment, an
orthodontic appliance, such as a functional appliance, is
located between the anchor region or tooth and one or more
selected bone region sought to be remodeled. The orthodontic
appliance can exert a force on the selected bone region, for
example, on another tooth. In some embodiments, the force is
a heavy force. In some embodiments, an effective amount of
light is administered to the selected bone region or other tooth
and not to the anchor region or anchored tooth. The adminis-
tration of light can increase the rate of the selected bone
remodeling region or velocity (or rate of movement) of the
other tooth and reduce, minimize, or prevent root resorption
of the other tooth, while not increasing the rate of bone
remodeling of the non-selected regions or velocity of the
anchor tooth.

It can also be desirable to administer light of different
wavelengths to different regions of the patient’s oral or max-
illofacial bone, such as a maxillary bone, mandibular bone, or
temporal bone or teeth, if it is desired to differentially
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manipulate the movement or remodeling of the patient’s teeth
or oral or maxillofacial bone, such as the maxillary bone,
mandibular bone, or temporal bone. In some embodiments,
the right and left sides of a patient’s mandible are not in need
of'the same about of remodelling. For example, the right side
of the patient’s mandible might need to be remodeled and
lengthened by 5 mm whereas the left side might need to be
remodeled and lengthened by 2 mm. To shorten the period of
time required for the mandible to become symmetric, the
right side of the mandibular can receive light treatment while
the left side does not. In another example, light of a first
wavelength can be administered to a first region and light of a
second wavelength can be administered to a second region.
The first and second wavelengths can include any wave-
lengths described elsewhere herein, such as about 585 nm to
about 665 nm, about 666 nm to about 814 nm or about 815 nm
to about 895 nm.

Light can be administered over an area (also referred to
herein as a “light irradiation area”). For example, in some
embodiments, light is administered to a region with an area.
In some such embodiments, light characteristics remain uni-
form over the area. For example, light intensity can be uni-
form over the area. In other embodiments, however, light
characteristics vary over the area. For example, light intensity
can vary over the area.

Light can be administered to a light irradiation area of any
size and shape. For example, a region, such as a specified
region of the patient’s maxillary bone, mandibular bone, or
temporal bone can have any size or shape. The light irradia-
tion area can have one or more dimensions (e.g., length,
width, diameter) that range from about 1 to about 80 mm, or
from about 1 to about 70 mm. In some embodiments, the light
irradiation area has one or more dimensions (e.g., length,
width, diameter) that range from about 1 to about 3 mm, about
3 to about 5 mm, about 5 to about 7 mm, about 7 to about 10
mm, about 10 to about 15 mm, about 15 to about 20 mm,
about 20 to about 25 mm, about 25 to about 30 mm, about 30
to about 35 mm, about 35 to about 40 mm, about 40 to about
50 mm, about 50 to about 60 mm, or about 60 to about 80 mm.

A light irradiation area can have any shape, which can
include, but is not limited to, a substantially rectangular
shape, square shape, triangular shape, hexagonal shape,
octagonal shape, trapezoidal shape, circular shape, elliptical
shape, crescent shape, cylindrical shape or half-circle. In
some embodiments, the dimensions of a light source is about
the same as dimensions for a light irradiation area. In other
embodiments, the dimensions of a light source is greater than
the dimensions of a light irradiation area. Alternatively, the
dimensions of a light source can be less than the dimensions
of'the light irradiation area. The relative areas of a light source
and light irradiation area can depend on any angle, which can
be aparallel, convergence, or divergence angle, at which light
is emitted.

In some embodiments, an effective dosage of light is pro-
vided in a treatment regimen. The treatment regimen can be
used in the present methods, including a method to regulate
oral or maxillofacial bone remodeling or tooth movement
through the administration of an effective dosage of light. The
treatment regimen can also be used in a method for adjusting
the position of a mandibular or maxillary bone, lengthening
or shortening a mandibular bone, or any other form of oral or
maxillofacial bone remodeling. In some embodiments, treat-
ment regimens regulate bone remodeling of a mandibular or
maxillary bone, or more tooth, upon which forces are or were
exerted. The treatment regimen can also be used in a method
for remodeling maxillary or mandibular bone. The treatment
regimen can further be used in a method for reducing tooth-
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root resorption. In other embodiments, a treatment regimen
can be provided for preventing or minimizing tooth-root
resorption. Treatment regimens are provided for methods for
reducing, preventing or minimizing bone resorption or
inflammatory dentin or cementum resorption of the tooth root
or periodontium. In some embodiments, treatment regimens
are useful for reducing, preventing or minimizing inflamma-
tion of tissue surrounding one or more teeth upon which
forces are or were exerted.

In one embodiment, a typical treatment regimen provides a
dose of light daily. Each of the daily doses of light can be
administered over a period lasting from a few minutes to
about anhour. For example, daily %2 hour doses of light can be
effective and are not unduly inconvenient for patients. A
single daily dose can be as effective as dividing the same dose
into multiple sessions administered at different times during
the day. Some treatment regimens can comprise administer-
ing light in 5 treatments per week for 12 weeks. Each treat-
ment can last Y2 hour and irradiate the tissues of a patient’s
jaw with light having wavelengths of 660 nm and 840 nm. The
660 nm light can have an intensity of about 20 mW/cm? at the
skin’s surface. The 840 nm light can have an intensity of about
10 mW/cm? at the skin’s surface. These treatment regimens
can enhance bone density.

Other treatment regimens can comprise administering light
in daily treatments for 21 days. Each treatment lasts between
20 minutes and one hour and illuminates the tissues of a
patient’s jaw with light having a wavelength of 618 nm and an
intensity of 20 mW/cm? at the skin’s surface. These treatment
regimens can accelerate healing of bone grafts.

Another treatment regimen can include a twice-daily
administration of light for six months. In one embodiment the
light is administered from a light-therapy apparatus. Light
can be administered at a wavelength of about 660 nm or about
840 nm, or at both wavelengths. The intensity of the light can
be about 20 mW/cm? at the skin’s surface. A functional appli-
ance can be present in the patient’s mouth while the light is
administered. Subsequent to the first 6 month period, a sec-
ond 6 month period can be provided where light is adminis-
tered once every other day. The same functional appliance or
one or more conventional orthodontic appliances can be
present in the patient’s mouth at this time. The administration
of light can optionally become less frequent or be adminis-
tered at a lower intensity as treatment progresses.

Another treatment regimen can include administering light
to a tooth having a conventional orthodontic appliance and
subsequently adjusting the conventional orthodontic appli-
ance. A conventional orthodontic appliance can be installed
on the patient’s teeth prior to, subsequent to, or concurrently
with the installation of a functional appliance. In some
embodiments, adjusting a conventional orthodontic appli-
ance increases or alters the magnitude of a force exerted on
one or more teeth. Adjusting a conventional orthodontic
appliance can alter the direction of a force exerted on one or
more teeth. Light can be administered to one or more selected
teeth for up to an hour prior to adjusting a conventional
orthodontic appliance. Adjusting the conventional orthodon-
tic appliance can cause a force to be exerted on the one or
more teeth. Adjusting the conventional orthodontic appliance
can change the magnitude or direction, or both, of the force
exerted. Adjusting the conventional orthodontic appliance
can comprise tightening, loosening or replacing one or more
of'the appliance’s wires, springs or elastic devices. Different
sizes, materials, or shapes of such components can be used.
Light can then be administered daily to the one or more
selected teeth, until the next adjustment of the conventional
orthodontic appliance. This administration of light can
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reduce, minimize, or prevent tooth-root resorption, bone
resorption, tissue inflammation, periodontium resorption or
cementum resorption.

Another treatment regimen can include administering vita-
min D to a patient, administering light to a region of the
mandibular bone, maxillary bone, or temporal bone such as a
temporomandibular joint, condyle, or glenoid fossa, having a
functional appliance and subsequently adjusting an orth-
odontic appliance, such as a functional appliance. In some
embodiments, adjusting a functional appliance (or any other
orthodontic appliance) increases or decreases the magnitude
of a force exerted on one or more teeth, mandibular bone,
maxillary bone, or temporal bone. Adjusting a functional
appliance also can alter the direction of a force exerted. Light
can be administered to one or more selected regions for up to
an hour prior to adjusting a functional appliance (or any other
orthodontic appliance). Adjusting the functional appliance
(or any other orthodontic appliance) can cause a force to be
exerted on the one or more teeth, mandibular bone, maxillary
bone, or temporal bone. Adjusting the functional appliance
(or any other orthodontic appliance) can change the magni-
tude or direction, or both, of the force exerted. Adjusting the
functional appliance (or any other orthodontic appliance) can
comprise tightening, loosening or replacing one or more of
the appliance’s wires, springs or elastic devices. Different
sizes, materials, or shapes of such components can be used.
Light can then be administered daily to the one or more
selected region, until the next adjustment of the functional
appliance. This administration of light can regulate oral or
maxillofacial bone remodeling. In some embodiments, the
administration of light regulates tooth movement. For
example, the administration of vitamin D and administration
of light can increase the rate of bone remodeling or tooth
movement. This can decrease the amount of time that a func-
tional appliance (or any other orthodontic appliance) is worn
or needs to be worn by a patient.

The present methods can further comprise controlling tem-
perature of the patient’s skin (such as the patient’s face) or of
any light source that contacts or is close to a patient’s skin or
a region. For example, the method can include cooling, heat-
ing, or maintaining the temperature at a patient’s face. A
patient’s face can be contacted with a temperature control
mechanism, which can cause the removal or provision of
heat. In some embodiments, heat can be generated by the light
source. In some embodiments, the temperature of the light
source can be controlled. A temperature control mechanism
can communicate with the light source. Heat can be removed
from or provided to the light source. Any embodiments for
temperature regulation described herein can be used within
the method. The method can further comprise measuring a
temperature at a patient’s face or at a light source. Tempera-
ture regulation can optionally occur in response to one or
more temperature measurements made.

In one embodiment, regulating bone remodeling occurs
prior to, subsequent to or concurrently with orthodontic treat-
ment useful for regulating tooth movement of a patient. Inone
embodiment, the administration of light is repetitive.

Oral or maxillofacial bone remodeling can occur at the
mandibular bone, maxillary bone, or temporal bone. In some
embodiments, oral or maxillofacial bone remodeling can
occur at a joint, such as the temporomandibular joint. The
some embodiments, oral or maxillofacial bone remodeling
can occur at a condyle or glenoid fossa. The regulation of oral
or maxillofacial bone remodeling can result in the reposition-
ing of the mandibular bone or maxillary bone, the lengthening
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or shortening of the mandibular bone or maxillary bone, or
altering the angle, shape, or dimensions of the mandibular
bone or maxillary bone.

Oral or maxillofacial bone remodeling can include the
installation of a functional appliance in a patient. A functional
appliance can be present on one or more teeth ofa patient. The
methods can comprise installing a functional appliance in a
patient, such as installing the appliance on one or more teeth,
the patient’s gums, the patient’s maxillary or mandibular
bone, or other oral or maxillofacial features of the patient,
adjusting a functional appliance of the patient, or can com-
prise removing a functional appliance from the patient. A
treatment for oral or maxillofacial bone remodeling can
include a period of time during which the functional appli-
ance is installed in the patient. In some embodiments, treat-
ment for oral or maxillofacial bone remodeling can include a
period of time after the functional appliance has been
installed in or removed from the patient. In some embodi-
ments, treatment for oral or maxillofacial bone remodeling
can include a period of time preceding the installation of a
functional appliance. In other embodiments treatment for oral
or maxillofacial bone remodeling includes a period of time
prior to, during, or subsequent to the exertion of a force on
oral or maxillofacial bone, muscle, soft tissue, or one or more
teeth, such as mandibular bone, maxillary bone, temporal
bone, or on one or more oral muscles that can prevent the oral
muscles from exerting a force on the one or more teeth,
mandibular bone, maxillary bone, temporal bone. Treatment
for oral or maxillofacial bone remodeling can include a period
of time while a patient is seeing or consulting with an orth-
odontist or other dental specialist.

Treatment for oral or maxillofacial bone remodeling,
including methods for regulating such remodeling, can
include an active stage and a passive stage. An active stage can
include some time during which a functional appliance is
installed in and/or on the patient. In some embodiments, an
active stage includes a time during which a force is exerted on
atooth, mandibular bone, maxillary bone, temporal bone. An
active stage can include a period during which the patient is
undergoing one or more adjustments to the patient’s func-
tional appliance. A passive stage can include a period after a
functional appliance has been removed from the patient. In
some embodiments, a passive stage includes a period during
which a functional appliance is installed, but is no longer
undergoing adjustments. In some embodiments, a passive
stage includes a period during which there is no further mus-
cular tension on the jaw or teeth when the functional appli-
ance is in position, which typically occurs after a period of
treatment and bone remodeling. In some embodiments, a
passive stage includes a period during which a functional
appliance is not providing force to effect bone remodeling.
Instead, the passive stage can include a period during which a
functional appliance is installed in a patient and that main-
tains the maxillary bone or mandibular bone in its position.
Any stage of oral or maxillofacial bone remodeling can last
on the order of days, weeks, months, quarters, or years.

In some embodiments, an orthodontic treatment is pro-
vided priorto, subsequent to, or concurrently with a treatment
for oral or maxillofacial bone remodeling. An orthodontic
treatment can cause one or more teeth to move or maintain its
position relative to a supporting maxillary bone or mandibu-
lar bone, or can include regulation of tooth movement. In
some embodiments, orthodontic treatment includes aligning
teeth. Orthodontic treatment can include treating malocclu-
sion, which can occur when teeth fit together improperly, for
example, as a result of their individual positions or positions
of' underlying jaw bone as they relate to one another. Maloc-
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clusion can be treated using light therapy or tooth movement
regulation according to the methods described herein.
Accordingly, the present invention further relates to methods
for treating or preventing malocclusion, comprising extra-
orally administering to a patient in need thereof an effective
amount of light transdermally to a region of the patient’s
maxillary or mandibular alveolar bone. In another embodi-
ment, methods for treating or preventing malocclusion com-
prise intra-orally administering to a patient in need thereof an
effective amount of light to a region of the patient’s maxillary
or mandibular alveolar bone. The methods for treating or
preventing malocclusion can further comprise administering
an effective amount of vitamin D.

An orthodontic treatment can include the application of a
conventional orthodontic appliance to a patient. In some
embodiments, orthodontic treatment can occur due to a func-
tional appliance which can result in tooth movement while
regulating oral or maxillofacial bone remodeling. A conven-
tional orthodontic appliance can be present on one or more
teeth of a patient. The methods can comprise installing a
conventional orthodontic appliance to a patient, such as
installing the conventional orthodontic appliance to one or
more teeth of the patient, adjusting a conventional orthodon-
tic appliance of the patient, or can comprise removing a
conventional orthodontic appliance from the patient. In some
embodiments, a conventional orthodontic appliance can be
installed or removed prior to, subsequent to, or concurrently
with the installation or removal of a functional appliance.
Orthodontic treatment can include a period of time during
which the conventional orthodontic appliance is installed in
the patient. In some embodiments, orthodontic treatment can
include a period of time after the conventional orthodontic
appliance has been installed in or removed from the patient. In
some embodiments, orthodontic treatment can include a
period of time preceding the application of a conventional
orthodontic appliance. In other embodiments orthodontic
treatment includes a period of time prior to, during, or sub-
sequent to the exertion of a force on one or more teeth.
Orthodontic treatment can include a period of time while a
patient is seeing or consulting with an orthodontist.

In some embodiments, orthodontic treatment includes an
active stage and a passive stage. An active stage can include
some time during which an orthodontic appliance is installed
in the patient. In some embodiments, an active stage can
include a time during which a force is exerted on a tooth to
effect tooth movement. In some embodiments, the force
exerted on a tooth during an active stage is a heavy force. An
active stage can include a period during which the patient is
undergoing one or more adjustments to the patient’s conven-
tional orthodontic appliance. A passive stage can include a
period after an appliance has been removed from the patient.
In some embodiments, a passive stage can include a period
during which an appliance is installed but is no longer under-
going adjustments. In some embodiments, a passive stage can
include a period during which a conventional orthodontic
appliance no longer exerts a force on the teeth. In some
embodiments, a passive stage can include a period during
which a conventional orthodontic appliance is not providing
force to effect movement of a tooth. Instead, the passive stage
can include a period during which a conventional orthodontic
appliance is installed in a patient and that maintains one or
more teeth in its position. In some embodiments, any stage of
orthodontic treatment can last on the order of days, weeks,
months, quarters, or years.

In some embodiments, orthodontic treatment and bone
remodeling or tooth movement occurs concurrently. In some
embodiments, oral or maxillofacial bone remodeling results
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in tooth movement. Force can be exerted on one or more
tooth, any region of the jaw, or any other region of the mouth
or head. Force can be exerted by a functional appliance or a
conventional orthodontic appliance. In some embodiments,
the force is a heavy force. Bone remodeling can involve
altering the position or morphology of bone, including the
jaw bone. For example, a jaw bone can be moved forward, or
can be lengthened. Other examples of bone remodeling, as
discussed previously, can also be applicable. In some embodi-
ments, oral or maxillofacial bone remodeling occurs in con-
junction with regulating tooth movement. Accordingly, the
present methods are useful for bone remodeling. Present
methods can further comprise bone remodeling. [ight can be
administered to a region, such as a region of a jaw bone, or any
other oral or maxillofacial bone, muscle, or soft tissue, and is
useful for bone remodeling. Accordingly, the invention fur-
ther provides methods for inducing bone remodeling, com-
prising extra-orally administering an effective amount of
light transdermally or intra-orally to a region of oral tissue of
a patient in need thereof. Light therapy can be provided in
conjunction with oral or maxillofacial bone remodeling, and
can increase the rate of oral or maxillofacial bone remodeling.
For example, applying an effective amount of light as
described in the present methods can reduce the amount of
time to achieve the same degree of bone remodeling without
light by about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, or about 90%. Light
treatment can promote bone remodeling which can increase
the rate of bone remodeling of the maxillary or mandibular
bone or tooth movement. This can allow heavier forces to be
used, which could accelerate tooth movement even more than
with lighter forces. Such forces can be exerted by one or more
appliances.

The present methods can be performed on a patient prior to
being applied with one or more functional appliances or con-
ventional orthodontic appliances, during a time when the
patient wears one or more functional appliances or conven-
tional orthodontic, or after one or more functional appliances
or conventional orthodontic appliances has been removed
from the patient. A functional appliance or conventional orth-
odontic appliance can be fixed or movable with respect to a
patient’s teeth. Conventional orthodontic appliances can
include, for example, fixed active appliances such as pin and
tube appliances, appliances using wires or brackets or
springs, ribbon arch appliances, Begg lightwire appliances,
edgewise appliances, pre-adjusted edgewise appliances, self-
ligating edgewise appliances, hi-helix, tri-helix, quad-helix,
rapid maxillary expansion appliance (RPE); removable active
appliances such as expansion and labial segment alignment
appliance INVISALIGN™; or orthodontic headgear includ-
ing reverse headgear and conventional headgear; and other
types of orthodontic apparatus.

In one embodiment, the conventional orthodontic appli-
ance is fixed. Examples of conventional fixed orthodontic
appliances include pin and tube appliances, ribbon arch appli-
ances, Begg Lightwire appliances, edgewise appliances, pre-
adjusted edgewise appliances, self-ligating edgewise appli-
ances, hi-helix appliances, tri-helix appliances, quad helix
appliances, rapid maxillary expansion appliances (RME), or
pin stripe appliances. Conventional fixed orthodontic appli-
ances can be fixed to the patient’s teeth during orthodontic
treatment. In another embodiment, the conventional orth-
odontic appliance is removable. Examples of conventional
removable orthodontic appliances include Active Hawley
appliances, Invisalign aligners, aligners, fan expanders, or
sagittal appliances.
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In some embodiments, the functional appliance is a man-
dibular repositioner or any other intra-oral device that repo-
sitions the mandible to create tension on tissue to stimulate
bone remodeling or tooth movement. Some examples of man-
dibular repositioners are Herbst, Twin Block, Fixed Twin
Block, Bonded Twin Block, Biobloc, Forsus Fatigue (e.g.,
EZ2), Xbow (Crossbow), mandibular anterior repositioning
appliance (Mara), Bass Dynamax, Bionator, Open Face Acti-
vator, Activator, Woodside Activator, Frankel (e.g., Frankel I,
II, I, IV, V), Teuscher appliance, Andreson appliance,
3-Way Sagittal, Lower Schwartz, 3 Way Expander, jaw repo-
sitioning appliances, removable orthotic appliances, Series
2000®, BioPedic Appliance, Rick-A-Nator™, Ritto Appli-
ance, Eureka Spring™, Twin Force Bite Corrector™, Alpern
Class II Closers, Rapid palatal expander, Tandem™, face-
mask, reverse pull headgear, and conventional orthodontic
headgear.

In one embodiment, the functional appliance is fixed. A
fixed functional appliance can be cemented, for example, on
one or more teeth. Some examples of fixed functional appli-
ances include Herbst, Fixed Twin Block, Bonded Twin Block,
Forsus Fatigue (e.g., EZ2), Xbow (Crossbow), Series 20000,
BioPedic Appliance, Rick-A-Nator™, Ritto Appliance,
Eureka Spring™, Twin Force Bite Corrector™, Alpern Class
II Closers, and Rapid palatal expander. In another embodi-
ment, the functional appliance is removable. Some examples
of removable functional appliances include Twin Block,
Biobloc, mandibular anterior repositioning appliance (Mara),
Bass Dynamax, Bionator, Open Face Activator, Activator,
Woodside Activator, Frankel (e.g., Frankel I, II, III, IV, V),
Teuscher appliance, Andreson appliance, 3-Way Sagittal,
Lower Schwartz, 3 Way Expander, jaw repositioning appli-
ances, and removable orthotic appliances. In some embodi-
ments, the functional appliance is a combination fixed-re-
movable functional appliance. A combination fixed-
removable functional appliance can include one or more
component that is fixed to a patient’s teeth and one or more
component that is removable from the fixed component.
Some examples of combination fixed-removable functional
appliances include Tandem™, a facemask, reverse pull head-
gear, and conventional orthodontic headgear.

In some embodiments, the functional appliance is a Class 11
corrector. Some examples of Class II correctors include
Herbst, Twin Block, Forsus Fatigue, and Mara. In other
embodiments, the functional appliance is a Class I corrector
that is useful for creating and bony and dental expansion of
crowded and lower arches. In other embodiments, the func-
tional appliance is a Class III corrector that is useful for
stimulating maxillary forward growth, or retruding or limit-
ing mandibular growth.

In some embodiments, the functional appliances reposition
a patient’s mandibular bone anteriorly. The functional appli-
ance can be a fixed functional mandibular repositioner.
Examples of such functional appliances are a Herbst, Twin
Block, Bonded Twin Block, Biobloc, and Bass Dynamax.
Light can be administered to a temporomandibular joint,
condyle, or glenoid fossas of temporal bone to remodel. In
some embodiments, the functional appliances expand the jaw
(e.g., using muscular pressure or lack of muscular forces to
allow teeth to move and/or bone to remodel). Examples of
such functional appliances can include Bionator, Open Face
Activator, Activator, Woodside Activator, or Frankel. Light
can be administered to alveolar bones and teeth, as these
appliances can cause orthodontic movement of teeth as well
as bone remodeling. In some embodiments, the functional
appliances control growth of the maxillary bone or mandibu-
lar bone. Examples of such functional appliances can include
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a facemask, or reverse pull headgear. Light can be adminis-
tered to apical areas of the jaw, which can cause some orth-
odontic movement, but primarily remodels and provides
anterior movement of maxillary bone. In some embodiments,
the functional appliances exert a force on, or cause bone
remodeling at, a temporomandibular joint, condyle, or gle-
noid fossa of a patient.

In some embodiments, a functional appliance or a conven-
tional orthodontic appliance comprises steel wires, nickel
titanium wires, or titanium molybdenum wires. In some
embodiments, the functional appliance or conventional orth-
odontic appliance comprises wires or springs that are of a
high gauge. Some examples of wires that a functional appli-
ance or conventional orthodontic appliance can comprise are
stainless steel or nickel-titanium wires having wire dimen-
sions of:

0.0160" square
0.0160" x 0.0220"
0.0170" square
0.0170" x 0.0220"
0.0170" x 0.0250"
0.0180" square
0.0180" x 0.0220"
0.0180" x 0.0250"
0.0190" square
0.0190" x 0.0250"
0.0200" square
0.0210" x 0.0250"

0.406 mm square
0.406 mm x 0.559 mm
0.432 mm square
0.432 mm x 0.559 mm
0.432 mm x 0.635 mm
0.457 mm square
0.457 mm x 0.559 mm
0.457 mm x 0.635 mm
0.483 mm square
0.483 mm x 0.635 mm
0.508 mm square
0.533 mm x 0.635 mm

Nickel-titanium closed or open-coil springs can be used.
Some examples can include an elastomeric power chain,
which can be capable of providing 100-800 grams of force, or
intra-arch elastics. In some embodiments, the functional
appliance or the conventional orthodontic appliance com-
prises an elastic material. A functional appliance or a conven-
tional orthodontic appliance can exert a force on one or more
teeth of the patient. The functional appliance or conventional
orthodontic appliance can cause one or more teeth to move or
maintain its position. A functional appliance can cause bone
remodeling of an oral or maxillofacial bone, or one or more
tooth, such as a mandibular bone, maxillary bone, or temporal
bone.

Installing, adjusting, or removing of an appliance, such as
a functional appliance or conventional orthodontic appliance,
can occur before or after administering an effective dosage of
light. In some embodiments, the effective amount of light aids
in regulating or accelerating the movement of teeth during
orthodontic treatment with a conventional orthodontic appli-
ance, or regulating or accelerating bone remodeling during
oral or maxillofacial bone remodeling with a functional appli-
ance. The effective amount of light can be useful for reducing
the amount of time an orthodontic appliance is worn during an
orthodontic treatment, or that a functional appliance is worn
during treatment for oral or maxillofacial bone remodeling.
For example, according to the methods of the present inven-
tion, the application of light can reduce treatment time (e.g.,
wearing a functional appliance or conventional orthodontic
appliance) by up to about 10%, about 20%, about 30%, about
40%, about 50%, about 60%, about 70%, about 75%, about
80%, about 85%, or about 90% of the treatment time. For
example, administering light having a wavelength in the
range of about 585 nm to about 665 nm (e.g., about 625 nm)
can reduce the amount of time that a patient wears appliances
(e.g., functional appliances or conventional orthodontic
appliance) by about 5% to about 90%, for example, by about
5%, about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 75%, about 80%, about
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85%, or about 90%. Administering light having a wavelength
in the range of about 815 nm to about 895 nm (such as, for
example, about 855 nm) can reduce the amount of time that a
patient wears appliances (e.g., functional appliances or con-
ventional orthodontic appliances) by about 5% to about 90%,
for example, by about 5%, about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about
75%, about 80%, about 85%, or about 90%.

In some embodiments, administering an effective amount
of light with desired light characteristics results in the overall
acceleration of treatment. For example, a treatment can
include the installation of a functional appliance, the removal
of the functional appliance, and the installation of a conven-
tional orthodontic appliance. By combining the use of a func-
tional appliance and a conventional orthodontic appliance,
the overall treatment time can be reduced. Furthermore,
increased control on the bone remodeling and tooth move-
ment can be delivered. This can be particularly advantageous
during a patient’s adolescent growth phase.

Administering light having a wavelength in the range of
about 585 nm to about 665 nm (such as, for example, about
625 nm) can result in a rate of bone remodeling that is about
5% to about 90% faster than the rate of bone remodeling
without the administration of light. For example, the rate of
bone remodeling can be about 5%, about 10%, about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%,
about 75%, about 80%, about 85%, or about 90% faster than
the rate of bone remodeling without the administration of
light. Similarly, administering light having a wavelength in
the range of about 585 nm to about 665 nm (such as, for
example, about 625 nm) can result in a rate of tooth move-
ment that is about 5% to about 90% faster than the rate of
tooth movement without the administration of light. For
example, the rate of tooth movement can be about 5%, about
10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 75%, about 80%, about 85%, or about
90% faster than the rate of tooth movement without the
administration of light.

Administering light having a wavelength in the range of
about 815 nm to about 895 nm (such as, for example, about
855 nm) can result in a rate of bone remodeling that is about
5% to about 60% faster than the rate of bone remodeling
resulting from the administration of light having a wave-
length in the range of 585 nm to about 665 nm (such as, for
example, about 625 nm). In one example, the rate of bone
remodeling can be about 5%, about 10%, about 20%, about
30%, about 40%, about 50%, about 55%, or about 60% faster
than the rate of bone remodeling resulting from the adminis-
tration of light having a wavelength in the range of 585 nm to
about 665 nm (such as, for example, about 625 nm). Simi-
larly, administering light having a wavelength in the range of
about 815 nm to about 895 nm (such as, for example, about
855 nm) can result in a rate of tooth movement that is about
5% to about 60% faster than the rate of tooth movement
resulting from the administration of light having a wave-
length in the range of 585 nm to about 665 nm (e.g., about 625
nm). In one example, the rate of tooth movement can be about
5%, about 10%, about 20%, about 30%, about 40%, about
50%, about 55%, or about 60% faster than the rate of tooth
movement resulting from the administration of light having a
wavelength in the range of 585 nm to about 665 nm (e.g.,
about 625 nm).

Administering light having a wavelength in the range of
about 815 nm to about 895 nm (such as, for example, about
855 nm) can result in a rate of bone remodeling that is about
5% to about 95% faster than the rate of bone remodeling
without the administration of light. For example, the rate of
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bone remodeling can be about 5%, about 10%, about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%,
about 75%, about 80%, about 85%, about 90%, or about 95%
faster than the rate of bone remodeling without the adminis-
tration of light. Similarly, administering light having a wave-
length in the range of about 815 nm to about 895 nm (such as,
for example, about 855 nm) can result in a rate of tooth
movement that is about 5% to about 95% faster than the rate
of tooth movement without the administration of light. For
example, the rate of tooth movement can be about 5%, about
10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 75%, about 80%, about 85%, about
90%, or about 95% faster than the rate of tooth movement
without the administration of light.

Orthodontic treatments, particularly those that comprise
the use of an orthodontic appliance, can exert forces, such as
heavy forces, on one or more teeth. This can result in a rate of
tooth movement that is about 5% to about 80% faster than the
rate of tooth movement without the exertion of heavy forces.
For example, the exertion of heavy forces in one or more teeth
can increase the rate of tooth movement by about 5%, about
10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 75%, or about 80%. Heavy forces can
result in tooth-root resorption, bone resorption, inflammatory
resorption of dentin, cementum resorption, or tissue inflam-
mation.

In some embodiments, the administration of an effective
amount of light can aid in reducing, preventing or minimizing
tooth-root resorption when a heavy force is allowed to be
exerted on one or more teeth. The effective amount of light
can be useful for reducing the amount of tooth-root resorption
as compared to when a heavy force is allowed to be exerted on
one or more teeth without administering the effective amount
oflight. For example, according to the methods of the present
invention, the administration of light can reduce tooth-root
resorption by up to about 1%, about 2%, about 3%, about 5%,
about 7%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, or about 90%. Reducing tooth-root resorption,
particularly while applying heavy forces, may allow for a
reduction of the amount of time for orthodontic treatment, or
the amount of time that a patient wears an orthodontic appli-
ance. Administering an effective amount of light can reduce
the amount of time that a patient wears orthodontic appli-
ances by about 5% to about 90%, for example, by about 5%,
about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 75%, about 80%, about 85%, or
about 90%.

In some embodiments, administration of an effective
amount of light can aid in reducing, preventing or minimizing
bone resorption or inflammatory dentin or cementum resorp-
tion of the tooth root or periodontium. The effective amount
of' light can be useful for reducing bone resorption or inflam-
matory dentin or cementum resorption of the tooth root and
periodontium, as compared to when a heavy force is allowed
to be exerted on one or more teeth without administering the
effective amount oflight. For example, according to the meth-
ods of the present invention, the administration of light can
reduce bone resorption or inflammatory dentin or cementum
resorption of the tooth root or periodontium by up to about
1%, about 2%, about 3%, about 5%, about 7%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, or about 90%.
Reducing bone resorption or inflammatory resorption of den-
tin or cementum resorption of the tooth root or periodontium
while exerting heavy forces can reduce the amount of time for
orthodontic treatment, or amount of time that a patient wears
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an orthodontic appliance. Administering an effective amount
of light can reduce the amount of time that a patient wears
orthodontic appliances by about 5% to about 90%, for
example, by about 5%, about 10%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 75%,
about 80%, about 85%, or about 90%.

In some embodiments, administration of the effective
amount of light can aid in reducing, preventing or minimizing
inflammation of tissue surrounding one or more teeth upon
which heavy forces are or were exerted. The effective amount
oflight can be useful for reducing the amount of inflammation
of tissue surrounding one or more teeth upon which heavy
forces are or were exerted, as compared to when a heavy force
is allowed to be exerted on one or more tooth without admin-
istering the effective amount of light. In one embodiment,
according to the methods of the present invention, the admin-
istration of light can reduce inflammation of tissue surround-
ing one or more teeth upon which heavy forces are or were
exerted by up to about 1%, about 2%, about 3%, about 5%,
about 7%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, or about 90%. Reducing inflammation of tissue
surrounding one or more teeth upon which heavy forces are or
were exerted while applying heavy forces can reduce the
amount of time for orthodontic treatment, or amount of time
that a patient wears an orthodontic appliance. Administering
an effective amount of light can reduce the amount of time
that a patient wears an orthodontic appliance by about 5% to
about 90%, for example, by about 5%, about 10%, about
20%, about 30%, about 40%, about 50%, about 60%, about
70%, about 75%, about 80%, about 85%, or about 90%.

The light can be administered in accordance with a treat-
ment regimen. For example, a functional appliance (or other
orthodontic appliance) can be installed prior to, concurrently
with, and/or subsequent to extra-orally or intra-orally admin-
istering the light. A functional appliance can also be removed
prior to, concurrently with, and/or subsequent to extra-orally
or intra-orally administering the light. Moreover, a functional
appliance can be adjusted prior to, concurrently with, and/or
subsequent to extra-orally or intra-orally administering the
light.

The functional appliance can exert a force on oral or max-
illofacial bone, soft tissue, or muscle, or one or more teeth,
such as a mandibular bone, maxillary bone, or temporal bone
of the patient. The functional appliance can exert the force
subsequent to, concurrently with, or prior to the administra-
tion of light. The functional appliance can exert the force
subsequent to, concurrently with, or prior to initiation of the
administration of light. The functional appliance can exert the
force subsequent to, concurrently with, or prior to the initia-
tion of a light treatment regimen. The functional appliance
can exert the force subsequent to, concurrently with, or prior
to the initiation of a light treatment session. In some embodi-
ments, the functional appliance exerts the force one or more
seconds, one or more minutes, one or more hours, one or more
days or one or more weeks subsequent to administering the
light. The light can be administered for any length of time. In
some embodiments, the functional appliance exerts the force
one or more seconds, one or more minutes, one or more hours,
one or more days or one or more weeks subsequent to initi-
ating light administration. In some embodiments, the func-
tional appliance exerts the force one or more seconds, one or
more minutes, one or more hours, one or more days or one or
more weeks subsequent to ending light administration.

Light can be administered for any period of time before,
during, or after the functional appliance exerts the force. For
example, light can be administered for about 1 minute, about
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2 minutes, about 3 minutes, about 5 minutes, about 10 min-
utes, about 15 minutes, about 20 minutes, about 30 minutes,
about 45 minutes, about 1 hour, about 90 minutes, about 2
hours, about 3 hours, about 4 hours, or about 6 hours prior to,
during, or after the functional appliance exerts the force. In
some embodiments, light is administered at any amount of
time prior to, during, or after the initiation of the exertion of a
force. For example, light can be administered about 1 minute,
about 2 minutes, about 3 minutes, about 5 minutes, about 10
minutes, about 15 minutes, about 20 minutes, about 30 min-
utes, about 45 minutes, about 1 hour, about 90 minutes, about
2 hours, about 3 hours, about 4 hours, about 6 hours, about 12
hours, about 1 day, about 36 hours, about 2 days, about 3 days,
about 4 days, about 1 week, about 2 weeks, or about 1 month
prior to, during, or after the initiation of the exertion of a
force.

Administering light prior to initiating or exerting a force, as
described above, can be part of a pretreatment regimen. In
some embodiments, however, no such pretreatment occurs
and the functional appliance exerts a force prior to any light
being administered. The functional appliance can exert a
force, for example, at one or more seconds, one or more
minutes, one or more hours, one or more days or one or more
weeks prior to administering the light. Thus, a follow-up
treatment of light can be provided after the functional appli-
ance exerts the force. In other embodiments, the functional
appliance exerts the force during the administration of light as
similarly described above, or at one or more stages of the
administration of light.

In some embodiments, the functional appliance exerts the
force at the same region as the region that is administered with
light. For example, the functional appliance can exert the
force on a temporomandibular joint, and light can be admin-
istered to the temporomandibular joint. In other embodi-
ments, the functional appliance exerts the force on a different
region from the region that is administered with light. For
example, the functional appliance can exert the force on one
or more teeth, and light can be administered to one or both
temporomandibular joint, condyle, or glenoid fossa. In some
embodiments, allowing the functional appliance to exert a
force on a region other than the region administered with light
can result in allowing a force to be exerted to a region that is
administered with light. For example, a functional appliance
can exert a force on one or more teeth, causing a mandibular
bone to be shifted correspondingly forward, which can result
on a force being exerted at a mandibular joint, where a light
can be administered.

In one embodiment, the effective dosage of light has a
density that ranges from about 24 J/cm? to about 200 J/cm?,
and has a wavelength that ranges from about 585 nm to about
665 nm, from about 666 nm to about 814 nm, or from about
815 nm to about 895 nm. Administration of light having a
wavelength in the range of about 585 nm to about 665 nm can
be useful for promoting bone remodeling, bodily movement
of teeth or minimize tipping of teeth, or any combination
thereof. Administration of light having a wavelength in the
range of 815 nm to about 895 nm can be useful for increasing
the velocity of teeth through the patient’s bone or the velocity
of bone remodeling. Administration of light in the range of
about 585 nm to about 665 nm, or about 815 nm to about 895
nm can be useful for promoting bone remodeling at one or
more region of the mandibular or maxillary bone. In some
other examples, an effective dosage of light can have any of
the light characteristics as described anywhere above.

Teeth in a region of the patient’s maxillary or mandibular
alveolar bone to which light is not administered can be used as
an anchor to facilitate movement of teeth in the selected
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region. Teeth in a region of the patient’s maxillary or man-
dibular alveolar bone, the mandibular bone, the maxillary
bone, or any other oral or facial feature can be used as an
anchor to facilitate bone remodeling in the mandibular bone
or maxillary bone. In one embodiment the light is adminis-
tered to the patient’s face. In another embodiment, the light
can be administered directly to a specific region of the
patient’s maxillary or mandibular alveolar bone, one or both
temporomandibular joint, one or both condyle, one or both
glenoid fossa, or to any other region of a patient’s mandibular
bone, maxillary bone, or temporal bone.

In some embodiments, a method is provided for regulating
bone remodeling, comprising extra-orally or intra-orally
administering to a patient in need thereof an effective dosage
of light having a first wavelength to a selected first region of
the patient’s maxillary bone, mandibular bone, or temporal
bone, and extra-orally or intra-orally administering an effec-
tive dosage of light having a second wavelength to a selected
second region of the patient’s maxillary bone, mandibular
bone, or temporal bone. In one embodiment, the regulating
occurs prior to, subsequent to or concurrently with orthodon-
tic treatment of a patient. In one embodiment, the effective
dosage of light having a first wavelength is a repetitive dos-
age. In another embodiment, the effective dosage of light
having a second wavelength is a repetitive dosage. Regions
other than the maxillary, mandibular, or temporal bone can
receive the first or second wavelength oflight. In one embodi-
ment, the effective dosage of light is in the range of 24 J/cm?
to 200 J/cm?. The first wavelength can be in the range of about
585 nm to about 665 nm, and the second wavelength can be in
the range of about 666 nm to about 814 nm or about 815 nm
to about 895 nm. In other examples, an effective dosage of
light can have any light characteristics as described anywhere
above. In one embodiment the light is administered to the
patient’s face.

In some embodiments, methods for oral or maxillofacial
bone remodeling can also result in regulating tooth move-
ment, comprising extra-orally administering to a patient in
need thereof an effective dosage of light having a first wave-
length to a selected first region of the patient’s maxillary
bone, mandibular bone, or temporal bone and extra-orally
administering an effective dosage of light having a second
wavelength to a selected second region of the patient’s max-
illary bone, mandibular bone, or temporal bone. In one
embodiment, regulating of oral or maxillofacial bone remod-
eling occurs prior to, subsequent to or concurrently with
orthodontic treatment of a patient. In one embodiment, the
effective dosage of light having a first wavelength is a repeti-
tive dosage. In another embodiment, the effective dosage of
light having a second wavelength is a repetitive dosage.
Regions other than alveolar bone can receive the first or
second wavelength of light. In one embodiment, the effective
dosage of light is in the range of 24 J/cm® to 200 J/cm?. The
first wavelength can be in the range of about 585 nm to about
665 nm, and the second wavelength can be in the range of
about 666 nm to about 814 nm or about 815 nm to about 895
nm. In other examples, an effective dosage of light can have
any light characteristics as described anywhere above. In one
embodiment, the light is administered through the patient’s
face.

In some embodiments, the present methods comprise
administering light until treatment for oral or maxillofacial
bone remodeling is complete. Treatment for oral or maxillo-
facial bone remodeling can be deemed complete after
appointments with an orthopedic or other specialist are com-
pleted, after the movement of a mandibular bone or maxillary
bone has been stabilized to substantially remain in the same
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position without the aid of a functional appliance, or during a
passive stage of treatment for oral or maxillofacial bone
remodeling as described in greater detail herein. Light can be
administered to the region before, during, after, or any com-
bination thereof, a functional appliance is installed, adjusted,
or removed. The functional appliance can be installed,
adjusted, or removed before, during, after, or any combina-
tion thereof, the application of light. In some embodiments, a
force can be exerted when the functional appliance is installed
or adjusted, or for a period of time following such installation
or adjustment.

In some embodiments, the methods for oral or maxillofa-
cial bone remodeling are useful for orthodontic treatment.
The methods can comprise installing an orthodontic appli-
ance, removing an orthodontic appliance or adjusting an orth-
odontic appliance. In other embodiments, the methods com-
prise administering light until orthodontic treatment is
complete. Orthodontic treatment can be deemed complete
after appointments with an orthodontic specialist are com-
pleted, after the movement of one or more teeth has been
stabilized to substantially remain in the same position without
the aid of an orthodontic appliance, or during a passive stage
of orthodontic treatment as described in greater detail herein.
Light can be administered to the region before, during, after,
or any combination thereof, an orthodontic appliance is
installed, adjusted, or removed. The orthodontic appliance
can be installed, adjusted, or removed before, during, after, or
any combination thereof, the application of light. In some
embodiments, a force can be exerted when the orthodontic
appliance is installed or adjusted, or for a period of time
following such installation or adjustment.

As described herein, the speed of bone remodeling, e.g.,
the repositioning, or altering of one or more dimensions of a
bone, can be regulated (e.g, accelerated or decelerated) by the
administration of light. In one embodiment, the present meth-
ods are useful for effecting bone remodeling, which can occur
concurrently with regulating bone remodeling, such as tooth
movement. Bone remodeling can be enhanced by administer-
ing light according to the present methods. The light can be
administered before, during or after treatment for oral or
maxillofacial bone remodeling. The light can be emitted from
a light-therapy apparatus, such as described herein. Bone
remodeling can include bone growth or bone resorption. This
can include osteoblast or osteoclast activation. Bone remod-
eling can require osteoclastic and osteoblastic activity. In one
embodiment, the administration of light according to the
present methods stimulates osteoclasts or osteoblasts and,
accordingly, stimulates osteoclastic and osteoblastic activity.
The administration of light can increase the rate of tooth
movement that can accompany bone remodeling.

For example, the present methods can also comprise apply-
ing, adjusting or removing a tooth mask or other oral mask. A
tooth mask can be applied or removed prior to, during, or after
the administration of light. Light can be administered to a
region before, during, after, or any combination thereof, an
oral mask or tooth mask is applied, adjusted, or removed. In
some embodiments, one or more of a patient’s teeth, or other
region of the patient’s mouth or face, or other region of the
patient’s body, such as the patient’s oral cavity, can be at least
partially covered with a mask that can block at least some of
the light. A mask can block one or more wavelengths oflight.
In some embodiments, a mask can completely block one or
more wavelength of light, and in other embodiments, the
mask can reduce the amount or intensity of light reaching the
teeth or other region of the patient’s mouth, face, or body. In
some embodiments, the intensity of the light administered to
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the teeth, or other region of the patient’s mouth, face, or body,
can be zero, or can be less than the intensity of the light
emitted from a light source.

In accordance with another aspect of the invention, the
methods for tooth movement regulation can regulate the bone
remodeling. For example, the methods for tooth movement
regulation can increase the reate of bone remodeling. In some
embodiments, bone remodeling can facilitate or otherwise
aid in tooth movement regulation (e.g., can increase the
velocity or quality of movement, or can stabilize tooth move-
ment). For example, bone remodeling can occur prior to,
during or following tooth movement. Bone remodeling can
include bone growth, bone strengthening or bone resorption.
For example, during bone remodeling, bone mineral density
(BMD) can increase, bone volume (BV) can increase, bone
mineral content (BMC) can increase, and the ratio of bone
volume to total volume (BV/TV) or bone density can
increase. Higher BV/TV can indicate denser bone, where less
bone remodeling can occur, which is desirable after bone
remodeling or tooth movement has occurred to enhance the
stability, for example, of the maxillary bone or mandibular
bone or teeth. Other examples of parameters that can be
affected during bone remodeling can include trabecular bone
surface, bone quality, osteoclastic activity (e.g., osteoclast
and preosteoclast counts), bone resorption. Light therapy can
enhance existing cellular processes. Bone remodeling can
occur in any bone tissue or oral region. For example, bone
remodeling can occur in a portion or all of a maxillary alveo-
lar bone, in mandibular alveolar bone, around one or more
teeth, a temporomandibular joint, a condyle, a glenoid fossa,
or any other mandibular bone, maxillary bone, or temporal
bone. In some embodiments, bone remodeling can occur
around one or more teeth, which can include a periodontium.
In some embodiments, the region around one or more teeth
can be within about 1 mm, about 2 mm, or about 3 mm from
the surface of the teeth.

In some embodiments, light therapy according to the
present methods can also result in treating or preventing jaw
osteonecrosis. Accordingly, the present methods are useful
for treating or preventing jaw osteonecrosis. Accordingly, the
invention further provides methods for treating or preventing
jaw osteonecrosis, comprising extra-orally administering to a
patient in need thereof an effective amount of light transder-
mally to a region of the patient’s maxillary or mandibular
alveolar bone. Treating or preventing jaw osteonecrosis can
comprise reversing osteonecrosis through the use of light
therapy according to the methods described herein. Jaw
osteonecrosis can occur with respect to any bone tissue. For
example, jaw osteonecrosis, can occur with respect to a por-
tion or all of a maxillary alveolar bone, mandibular alveolar
bone, or one or more teeth. In some embodiments, methods
for treating or preventing jaw osteonecrosis further comprise
administering to the patient an effective amount of vitamin D.

In some embodiments, light therapy according to the
present methods can also result in reducing, minimizing, or
preventing tooth-root resorption, bone resorption, inflamma-
tory resorption of dentin or cementum resorption, or inflam-
mation of tissue. Accordingly, the present methods are useful
for reducing, minimizing, or preventing tooth-root resorp-
tion, bone resorption, inflammatory dentin or cementum
resorption, or inflammation of tissue. Accordingly, the inven-
tion further provides methods for reducing, minimizing, or
preventing tooth-root resorption, bone resorption, inflamma-
tory dentin or cementum resorption, or inflammation of tis-
sue, comprising allowing a force to be exerted on one or more
teeth of a patient in need thereof; and administering an effec-
tive amount of light to the maxillary or mandibular alveolar
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bone of the patient, wherein the light is administered before,
during, or after the force is exerted. Such methods may be
used or useful in conjunction with forces applied to one or
more tooth. In some embodiments, methods for reducing,
minimizing, or preventing tooth-root resorption, bone resorp-
tion, inflammatory resorption of dentin or cementum resorp-
tion, or inflammation of tissue further comprise administer-
ing to the patient an effective amount of vitamin D. In some
embodiments, the region to which light is administered is any
oral tissue, such as soft tissue or bone tissue. In some embodi-
ments, the oral tissue is that on which oral surgery was per-
formed. The present methods are useful for treating tissue
after oral surgery. The oral surgery can be periodontal surgery
or that relating to bone grafts. The oral tissue can be: a portion
or all of tissue supporting one or more teeth, the gums, a
maxillary alveolar bone, mandibular alveolar bone, or one or
more teeth. Accordingly, the invention further provides meth-
ods for treating tissue after oral surgery, comprising extra-
orally administering to a patient in need thereof an effective
amount of light transdermally to a region of the patient’s oral
tissue on which oral surgery was performed. The present
methods are also useful for increasing the rate of oral-tissue
healing following oral surgery. Accordingly the invention
further provides methods for increasing the rate of oral-tissue
healing following oral surgery, comprising extra-orally
administering to a patient in need thereof an effective amount
oflight transdermally to a region of the patient’s oral tissue on
which oral surgery will be performed. In some embodiments,
the methods further comprise performing oral surgery on the
oral tissue. The oral surgery can be performed prior to or
subsequent to the administration of light therapy according to
the present methods. In some embodiment, the region of light
administration can be the alveolar bone. In some embodi-
ments, the light administration occurs extra-orally, and light
is transdermally administered to the region. In some embodi-
ments, the light administration can occur intra-orally, and the
light may be directly administered to the region. In some
embodiments, the administration occurs for about 20 min-
utes. In some embodiments, the wavelength of administered
light is about 625 nm. In some embodiments, the light may be
administered following oral surgery, prior to oral surgery, or
during oral surgery.

In other embodiments, the invention relates to methods for
healing tissue surrounding or adjacent to one or more dental
implants, for example, endosseous dental implants, or accel-
erating osseo-integration of endosseous dental implants,
comprising extra-orally administering to a patient in need
thereof an effective amount of light transdermally to a region
of the patient’s maxillary or mandibular alveolar bone. In
other embodiments, the methods comprise intra-orally
administering to a patient in need thereof an effective amount
of light to a region of the patient’s maxillary or mandibular
alveolar bone. In one embodiment, these methods can be
performed according to the teachings disclosed herein for the
methods for regulating tooth movement.

In some embodiments, the present methods can further
comprise applying a substance to a region, or in the proximity
of'aregion, before, during, or after the administration oflight.
In some embodiments the methods can exclude the applica-
tion of a substance to a region, or in the proximity of a region,
before, during, or after the administration of light, or before,
during, or after the exertion of forces. In some embodiments,
a substance can already occur at a region naturally. In some
embodiments, the methods can optionally comprise applying
a substance to at least a portion of the face overlying a region
before, during, or after the administration of light. In some
embodiments the methods for regulating bone remodeling,
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such as methods for regulating tooth movement, can exclude
the application of a substance to at least a portion of the face
overlying a region before, during, or after the administration
of light. Optionally, light can be administered before, during,
or after the administration of a substance. In some embodi-
ments, light is administered only without the administration
of a substance. The substance can enhance or inhibit the
effects of the light administration. In one embodiment, the
substance is a visible-light- or infrared-light-absorbing sub-
stance, such as a dye. One or more light characteristics, such
as wavelength of light, can be selected in response to the
presence or application of the substance.

Vitamin D

The present methods can further comprise administering
vitamin D. Vitamin D is essential for normal bone metabo-
lism—it promotes calcium absorption and bone resorption
and maintains the necessary calcium and phosphate levels for
bone formation. Patients deficient in vitamin D have an
increased risk of bone loss and bone fracture, among many
other risks. Insufficient vitamin D levels can also interfere
with osteoclastic activity, which is essential to tooth move-
ment, resulting in slower tooth movement. Thus, administer-
ing vitamin D can be an important part of orthodontic treat-
ment.

The vitamin D can be vitamin D1, D2, D3, D4, D5, 1,25-
dihydroxycholecalciferol, or mixtures therecof. In some
embodiments, the vitamin D supplements other vitamin D
sources for the patient.

The vitamin D can be administered orally, via transdermal
gel, by a patch, by a cream, by injection, by electrophoresis,
or by insolation. Where the present methods further comprise
administering vitamin D, in some embodiments, the vitamin
D is not administered by insolation. In some embodiments,
the vitamin D is administered via a vitamin D conveyance.
For example, the vitamin D can be present in a composition
suitable for oral administration, for example, a pill, capsule,
tablet, chewable, gel, or liquid. In other embodiments, the
vitamin D is administered transdermally. In one example, the
vitamin D can be administered transdermally via a transder-
mal gel, cream, ointment, liquid, or paste that can be applied
to the skin, gums, or any soft tissue. In another example,
vitamin D can be administered transdermally via insolation,
such as exposure to ultraviolet (UV) rays from the sun or
artificially through tanning beds. The vitamin D can also be
administered transdermally via a patch or microneedle on the
skin, gums, or other soft tissue of the patient. In some embodi-
ments, the vitamin D is be administered by injection using a
syringe or needle at the skin, gums, or other soft tissue (such
as, for example, oral tissue) of the patient. The injection can
be intradermal, subcutaneous, intramuscular, intravenous,
intraosseous, or intraperitoneal. In some embodiments, the
vitamin D is administered electrophetically. The vitamin D
can be applied, for example, to the surface of the skin, gums,
orany other soft tissue, and a weak electrical current can drive
the compound through the tissue.

Any combination of the various vitamin D administration
techniques described above can be employed. For example, a
patient can be orally administered with vitamin D also receive
an injection of vitamin D as part of the administration pro-
cess. In some embodiments, the administered vitamin D
increases or maintains the vitamin D blood serum levels. In
other embodiments, the administered vitamin D increases or
maintains local vitamin D levels where the vitamin D is
administered.

In some embodiments, the vitamin D is administered to a
region, or in the proximity of a region. The region can be, for
example, an oral region. The region can be, for example, on or
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in the proximity of oral or maxillofacial bone, muscle, or soft
tissue. The region can be on or in the proximity of one or more
tooth, the mandibular bone, the maxillary bone, or the tem-
poral bone. In some embodiments, the vitamin D is orally
administered, for example, via an oral composition that com-
prises vitamin D. In other embodiments, the vitamin D is
administered locally to a region. The region can be on the skin
of the patient overlying the patient’s face, jawbone, lips,
cheek, or chin. The region can be on the right side, the left
side, a central region, or any combination thereof, of the
patient’s body such as, for example, the patient’s face. The
region can be within the patient’s oral cavity. For example, the
region can be the gums of the patient, or any other oral soft
tissue. The region need not be an oral region; rather, the region
can be, for example, on the neck, arm, leg, or torso of the
patient. In some embodiments, the vitamin D can be admin-
istered systemically to the patient. For example, the vitamin D
can be administered via insolation through a tanning bed that
surrounds the patient’s body. The region can include any area
previously described.

In some embodiments, the vitamin D is administered to a
region that is the same as or in the proximity of a region that
is administered with light. In some embodiments, the vitamin
D is administered to the same region that is administered with
light. In some other embodiments, the vitamin D is adminis-
tered to a region having the same, greater, or smaller size than
the region administered with light. The vitamin D can be
administered to a region adjacent to a region administered
with light. In some embodiments, vitamin D is administered
to a region within about 1 mm, about 2 mm, about 3 mm,
about 5 mm, about 7 mm, about 10 mm, about 15 mm, about
20 mm, about 25 mm, about 30 mm, about 40 mm, about 50
mm, about 60 mm, about 70 mm, about 10 cm, about 15 cm,
about 20 cm, about 30 cm, about 50 cm from a region that is
administered with light. In other embodiments, the vitamin D
is administered to a region that different from the region that
is administered with light. In some embodiments vitamin D is
not administered to a region that is administered with light. In
some embodiments, vitamin D is administered to a region
other than the region that is administered with light. In some
embodiments, vitamin D is administered systemically, which
can encompass the region administered with light. In some
instances, the vitamin D is administered systemically, raising
overall vitamin D levels, which can include vitamin D levels
in the region administered with light.

In some embodiments, the vitamin D is administered to a
region that is proximate to a region upon which a force is
exerted. The force can be, for example, a heavy force, a force
exerted by a conventional orthodontic appliance, or a force
exerted by a functional appliance. In some embodiments, the
vitamin D is administered to the same region upon which a
force is exerted. In some embodiments, the region where the
vitamin D is administered and the region upon which the
force is exerted are the same size. In other embodiments,
however, the size of the region where the vitamin D is admin-
istered is different from the size of the region upon which the
force is exerted. The region where the vitamin D is adminis-
tered can be, for example, smaller or larger than the region
upon which the force is exerted. In some embodiments, the
vitamin D is administered to a region adjacent to a region
upon which a force is exerted. The vitamin D can be admin-
istered to a region, for example, within about 1 mm, about 2
mm, about 3 mm, about 5 mm, about 7 mm, about 10 mm,
about 15 mm, about 20 mm, about 25 mm, about 30 mm,
about 40 mm, about 50 mm, about 60 mm, about 70 mm,
about 10 cm, about 15 cm, about 20 cm, about 30 cm, about 50
cm of a region upon which a force is exerted.
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In some embodiments, the vitamin D is administered to a
region that is different from the region upon which a force is
exerted. In other words, the vitamin D is not administered to
aregion upon which a force is exerted. In some embodiments,
vitamin D is administered systemically and can encompass
the region upon which a force is exerted. For example, in
some instances, the vitamin D is administered systemically
and raises overall vitamin D levels, including the vitamin D
levels in the region upon which a force is exerted.

The present methods can include administering an effec-
tive amount of vitamin D to a patient in need thereof, and
administering an effective amount of light to oral or maxillo-
facial bone, muscle, or soft tissue, or one or more teeth of the
patient. The present methods can include administering an
effective amount of light to the maxillary or mandibular
alveolar bone of the patient. In some embodiments, the effec-
tive amount of vitamin D can be administered to an oral
region of the patient. Alternatively, the effective amount of
vitamin D can be administered systemically to the patient.
The light can be intra-orally or extra-orally administered. can
In some embodiments, the method can further comprise test-
ing the patient to determine his or her vitamin D level. For
example, the patient can undergo blood testing to determine
the patient’s vitamin D level. If necessary, a patient can
receive a vitamin D supplement or treatment. Light can be
administered to the alveolus and/or teeth in conjunction with
orthodontic treatment and normal or higher vitamin D levels,
which can accelerate orthodontic tooth movement.

The present methods can comprise administering an effec-
tive amount of vitamin D to a patient and providing a light
therapy apparatus. The light therapy apparatus can be a light
therapy apparatus as described in further detail below. The
method can optionally include determining whether the
patient is vitamin D deficient. The method can optionally
include measuring the patient’s vitamin D blood serum level.
In some embodiments, if the patient’s vitamin D blood serum
level is below a predetermined threshold, the patient can
administer or be administered with a dosage of vitamin D. In
some embodiments, the dosage of vitamin D is determined
based on the patient’s blood serum level and administered to
the patient. The dosage of vitamin D to be administered to the
patient can be determined, for example, based on the patient’s
blood serum level, so that the patient is administered with an
effective amount of vitamin D. For example, if the patient is
very deficient in vitamin D (i.e., has very low vitamin D blood
serum levels), the patient can receive a greater dosage of
vitamin D than if the patient is only slightly deficient in
vitamin D (i.e., has higher vitamin D blood serum levels). In
other embodiments, regardless of the vitamin D blood serum
level, if the patient is vitamin D deficient, the patient receives
the same vitamin D dosage. In yet other embodiments, a
dosage of vitamin D is administered to the patient even if the
patient is not vitamin D deficient. In embodiments where the
patient is vitamin D deficient, the length of vitamin D treat-
ment can vary depending on the degree of vitamin D defi-
ciency.

The vitamin D can be administered in one or more dosages.
In some embodiments, as described above, a dosage of vita-
min D is an effective amount of vitamin D. In other embodi-
ments, a single dosage of vitamin D can be greater than or less
than an effective amount of vitamin D. A dosage of vitamin D
can be provided for a period of time. For example, the vitamin
D can be administered daily. In some embodiments, the vita-
min D is administered every hour, several times a day, once a
day, once every several days, once a week, once every few
weeks, once a month, once every few months, once a quarter,
or with any other frequency. Vitamin D can be administered
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on a regular basis (e.g., every 6 hours, every day, every 10
days), or can be provided at irregular intervals (e.g., twice one
day, skip a day, once the next day). In some embodiments,
vitamin D is administered on an as-needed basis.

In some embodiments, the dosage is greater than about, is
less than about, or is about 100 IU, about 200 IU, about 400
1U, about 5001U, about 600 IU, about 800 IU, about 1,000 1U,
about 1,200 IU, about 1,500 IU, about 1,600 IU, about 2,000
1U, about 2,500 IU, about 3,000 IU, about 4,000 I1U, about
5,000 IU, about 6,000 IU, about 7,000 IU, about 8,000 IU,
about 9,000 1U, about 10,000 IU, about 12,000 IU, about
15,000 TU, about 17,000 IU, about 20,000 IU, about 25,000
1U, about 30,000 IU, about 40,000 IU, about 50,000 IU, about
70,000 IU, about 100,000 IU, about 150,000 IU, about 200,
000 IU, about 300,000 IU, about 400,000 IU, about 500,000
1U, about 600,000 IU, or about 800,000 IU. In some embodi-
ments, the dosage amount varies each time the vitamin D is
administered to the patient. In other embodiments, the dosage
amount is a daily amount of vitamin D administered to the
patient. In other embodiments, the dosage amount is the total
vitamin D amount administered for a treatment regimen. For
example, a daily oral dosage of vitamin D can range from 400
1U to 6,000 IU per day. In another example, a daily oral
dosage of vitamin D can range from 2,000 IU to 6,000 IU per
day. A daily oral supplement of 2,000 IU to 6,000 1U of
vitamin D in adults has been shown to increase blood levels of
vitamin D to 40 ng/mL within 3 months. In some regimens,
higher initial dosages of vitamin D have shown increases in
vitamin D blood levels. The dosage of vitamin D can be a
single dose of 600,000 IU of oral vitamin D. Based on one
clinical trial, a single dose of 600,000 IU of oral vitamin D
was comparable to a dose 020,000 IU per day of oral vitamin
D for 30 days. In another embodiment, the dosage is 20,000
1U per day of oral vitamin D for 30 days.

The dosage of vitamin D can be sufficient to raise the
vitamin D blood level between about 40 to about 60 ng/mL of
venous blood. The dosage of vitamin D can be sufficient to
raise vitamin D blood level to at least about, no more than
about, or to about 20 ng/ml., about 30 ng/ml., about 35
ng/ml, about 40 ng/mL., about 45 ng/ml., about 50 ng/mlL.,,
about 55 ng/mL, about 60 ng/mL., about 65 ng/mL., about 70
ng/ml, about 75 ng/mL, or about 80 ng/mL.. In some embodi-
ments, the dosage of vitamin D is sufficient to raise the vita-
min D blood level by any amount. For example, the dosage of
vitamin D can be sufficient to raise the vitamin D blood level
by about 5 ng/mL, about 10 ng/ml., about 15 ng/mL., about 20
ng/ml, about 25 ng/mL, about 30 ng/ml., about 35 ng/mlL.,,
about 40 ng/ml, about 45 ng/mL, about 50 ng/mL., about 55
ng/ml, or about 60 ng/mlL.. The vitamin D blood level can be
raised to a desired level or by a desired amount within a period
of'time. For example, the period of time can be within one or
more days, one or more weeks, one or more months, or one or
more years. For example, a dosage of vitamin D administered
daily can raise vitamin D blood serum levels to a desired level
within 30 days, or within 3 months.

Vitamin D can be administered to the patient prior to,
concurrently with, or subsequent to administering light
therapy to the patient. Vitamin D can be administered to the
patient prior to initiation of the light therapy administration,
or prior to the completion of the light therapy administration.
In some embodiments, a dosage of vitamin D is administered
ataperiod oftime (e.g., seconds, minutes, hours, days, weeks,
months) prior to initiation of the light therapy administration
or prior to completion of the light therapy administration. In
some embodiments, a dosage of vitamin D is administered at
a period of time (e.g., seconds, minutes, hours, days, weeks,
months) subsequent to initiation of the light therapy admin-
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istration or subsequent to completion of the light therapy
administration. In some embodiments, a vitamin D treatment
regimen (which can span one or more doses of vitamin D) is
initiated or completed prior to initiation of light therapy
administration or prior to completion of light therapy admin-
istration. In other embodiments, the vitamin D treatment regi-
men is initiated or completed subsequent to the initiation of
light therapy administration or subsequent to completion of
light therapy administration. The vitamin D treatment regi-
men can be in progress during light therapy administration.

Vitamin D can be administered to the patient prior to,
currently with, or subsequent to engaging a light therapy
apparatus with the patient. Vitamin D can also be adminis-
tered to the patient prior to removing a light therapy apparatus
from the patient. In some embodiments, a dosage of vitamin
D can be administered at a period of time (e.g., seconds,
minutes, hours, days, weeks, months) prior to engaging a
light therapy apparatus with the patient or prior to removing a
light therapy apparatus from the patient. In some embodi-
ments, a dosage of vitamin D is administered at a period of
time (e.g., seconds, minutes, hours, days, weeks, months)
subsequent to engaging a light therapy apparatus with the
patient or subsequent to removing a light therapy apparatus
from the patient. In some embodiments, a vitamin D treat-
ment regimen (which can span one or more doses of vitamin
D) is initiated or completed prior to engaging a light therapy
apparatus with the patient or prior to removing a light therapy
apparatus from the patient. In other embodiments, the vitamin
D treatment regimen is initiated or completed subsequent to
engaging a light therapy apparatus with the patient or subse-
quent to removing a light therapy apparatus from the patient.
The vitamin D treatment regimen can be in progress during
light therapy administration.

Vitamin D can be administered to the patient prior to,
currently with, or subsequent to exerting a force on one or
more teeth of the patient. The force can be, for example, a
heavy force, a force exerted by a conventional orthodontic
appliance, or a force exerted by a functional appliance. In
some embodiments, the force can be less than a heavy force.
In some embodiments, the vitamin D is administered to the
patient prior to initiation of exerting a force on one or more
teeth of the patient, or prior to the completion of exerting a
force on one or more teeth of the patient. In some embodi-
ments, a dosage of vitamin D is administered at a period of
time (e.g., seconds, minutes, hours, days, weeks, months)
prior to initiation of exerting a force on one or more teeth of
the patient or prior to completion of exerting a force on one or
more teeth of the patient. In other embodiments, a dosage of
vitamin D is administered at a period of time (e.g., seconds,
minutes, hours, days, weeks, months) subsequent to initiation
of exerting a force on one or more teeth of the patient or
subsequent to completion of exerting a force on one or more
teeth of the patient. In some embodiments, a vitamin D treat-
ment regimen (which can span one or more doses of vitamin
D) is initiated or completed prior to initiation of exerting a
force on one or more teeth of the patient or prior to completion
of'exerting a force on one or more teeth of the patient. In other
embodiments, the vitamin D treatment regimen is initiated or
completed subsequent to the initiation of exerting a force on
one or more teeth of the patient or subsequent to completion
of exerting a force on one or more tecth of the patient. The
vitamin D treatment regimen can be in progress while exert-
ing a force on one or more teeth of the patient.

Vitamin D can be administered to the patient prior to,
concurrently with, or subsequent to installing one or more
orthodontic appliances on the patient’s teeth. In some
embodiments, the vitamin D is administered to the patient
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prior to removing one or more orthodontic appliances from
the patient’s teeth. In some embodiments, a dosage of vitamin
D is administered at a period of time (e.g., seconds, minutes,
hours, days, weeks, months) prior to installing one or more
orthodontic appliances on the patient’s teeth or prior to
removing one or more orthodontic appliances from the
patient’s teeth. In other embodiments, a dosage of vitamin D
is administered at a period of time (e.g., seconds, minutes,
hours, days, weeks, months) subsequent to installing one or
more orthodontic appliances on the patient’s teeth or subse-
quent to removing one or more orthodontic appliances from
the patient’s teeth. In some embodiments, a vitamin D treat-
ment regimen (which can span one or more doses of vitamin
D) is initiated or completed prior to installing one or more
orthodontic appliances on the patient’s teeth or prior to
removing one or more orthodontic appliances from the
patient’s teeth. In other embodiments, the vitamin D treat-
ment regimen is initiated or completed subsequent to the
installing one or more orthodontic appliances on the patient’s
teeth or subsequent to removing one or more orthodontic
appliances from the patient’s teeth. The vitamin D treatment
regimen can be in progress while an orthodontic appliance is
installed on the patient’s teeth.

The administration of vitamin D can increase the amount
of tooth movement compared to treatment methods where
vitamin D is not administered. The administration of vitamin
D can also increase the rate of tooth movement compared to
treatment methods where vitamin D is not administered. In
some embodiments, the administration of vitamin D
increases the velocity of tooth movement by about 5%, about
10%, about 15%, about 20%, about 25%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, about
90%, or by any percentage falling within about 1% to about
90%, relative to treatment methods for regulating tooth move-
ment that do not comprise administering vitamin D. In some
embodiments, the administration of vitamin D increases the
rate of bone remodeling compared to treatment methods
where vitamin D is not administered. In some embodiments,
the administration of vitamin D increases the velocity of bone
remodeling by about 5%, about 10%, about 15%, about 20%,
about 25%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or by any percentage
falling within about 1% to about 90%, relative to treatment
methods for regulating bone remodeling that do not comprise
administering vitamin D.

The administration of vitamin D can reduce the amount of
time that the patient undergoes orthodontic treatment. The
administration of vitamin D can also reduce the amount of
time that a force is exerted on one or more teeth of the patient.
In some embodiments, the administration of vitamin D
reduces the amount of time that a patient undergoes orthodon-
tic treatment or that a force is exerted on one or more teeth of
the patient by about 5%, about 10%, about 15%, about 20%,
about 25%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or by any percentage
falling within about 1% to about 90%, relative to treatment
methods that do not comprise administering vitamin D.

The administration of vitamin D can increase the rate of
bone remodeling compared to treatment methods where vita-
min D is not administered. The administration of vitamin D
can also increase the rate of one or both of bone deposition
and resorption compared to treatment methods where vitamin
D is not administered. In some embodiments, the administra-
tion of vitamin D increases the rate of one or both of bone
deposition or resorption by about 5%, about 10%, about 15%,
about 20%, about 25%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, or by any
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percentage falling within about 1% to about 90%, relative to
treatment methods that do not comprise administering vita-
min D.

Light Therapy Systems

An aspect of the invention relates to light-therapy appara-
tuses. The light-therapy apparatuses are useful for adminis-
tering an effective amount of light (for example, to the oral or
maxillofacial bone, muscle, or soft tissue or to one or more
teeth of a patient) and, accordingly, useful in the present
methods for regulating bone remodeling or tooth movement.
The light-therapy apparatuses are also useful for regulating
movement of teeth; for reducing, minimizing or preventing
tooth-root resorption; for reducing, minimizing or preventing
bone resorption or inflammatory dentin or cementum resorp-
tion of a tooth root or periodontium; for reducing, preventing
or minimizing inflammation of tissue surrounding one or
more teeth upon which forces are or were exerted; for per-
forming craniofacial surgery; for performing oral or maxil-
lofacial surgery; for performing orthognathic surgery; for
bone remodeling; or for treating or preventing jaw osteone-
crosis, periodontitis, or malocclusion. Apparatuses and sys-
tems as described herein can also be applied to treat a variety
of conditions including: conditions treated by orthodontics,
conditions treated by orthopedics, application of forces on
one or more teeth, stimulation and acceleration of healing
after oral surgery or periodontal surgery, stimulation of the
healing of wounds at the locations of bone grafts, healing and
acceleration of osseo-integration of endosseous dental
implants; or any other applications as described elsewhere
herein. In one embodiment, the application to jaw osteone-
crosis permits treatment of a condition for which existing
treatments are highly invasive. Treating osteonecrosis using
light therapy is significantly more cost-eftective and comfort-
able for the patient than existing surgical treatment options. A
light-therapy apparatus useful for methods of regulating bone
remodeling, tooth movement or other methods described
herein, can have other effects. For example, extra-oral admin-
istration of light to the condylar portion of the mandible can
increase its growth or cause its expansion.

A light therapy system is provided and comprises a light-
therapy apparatus. A light therapy system can also optionally
comprise an oral appliance, such as an orthodontic appliance,
or oral or tooth mask. In some embodiments, the orthodontic
appliance can be a functional appliance. Any orthodontic
appliance, including any functional appliance, as described
anywhere above, can be part of the light therapy system. An
oral or tooth mask can block or partially filter one or more
wavelength of light from a region covered by the mask. For
example, a tooth mask can cover one or more teeth. The tooth
mask can cover one or more mandibular or maxillary tooth.
Anoral mask can cover any region of the mouth. For example,
an oral mask can cover one or more teeth, or one or more
portion of the gums. An oral mask or tooth mask can be
formed of a transparent, translucent, or opaque. An oral mask
or tooth mask can block all wavelengths, reduce the intensity
of all wavelengths, filter only some wavelengths, or reduce
the intensity of only some wavelengths. In some embodi-
ments, an oral mask or tooth mask can alter one or more light
characteristics.

A light therapy system can also optionally include an exter-
nal controller or a computer (or any other device described
below) in communication with a controller.

Any embodiments of a light-therapy apparatus as
described herein can be incorporated within the light therapy
system. The light-therapy apparatus can optionally comprise
one or more support features that can engage with a portion of
a patient’s face or head. In another embodiment the light-
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therapy apparatus engages with the mouth of the patient. The
light-therapy apparatus can also comprise one or more light
sources, wherein the one or more light sources can each
comprise one or more light emitters. The light therapy system
can also comprise a controller that controls the operation of
the light-therapy apparatus. The controller can control the
wavelength, intensity or duration of light emitted by the light-
therapy apparatus or the position of its components. The
controller can control any other light characteristics. The
controller can be integral to or separate from the light-therapy
apparatus. The light therapy system provides light and,
accordingly, is useful in the present methods.

In some embodiments, a light therapy system comprises
one or more other appliances. For example, a functional
appliance can be installed within or external to an oral cavity
of the patient. In another embodiment, an oral mask or tooth
mask can be applied within the oral cavity of the patient. A
light therapy system can include oral appliances or inserts that
are within the oral cavity of the patient.

The light-therapy apparatus can be fixed or movable with
respect to the functional appliance, oral or tooth mask, or any
other appliance.

Anembodiment of a light-therapy apparatus 20 is shown in
FIGS. 1-4. FIG. 1 is an isometric view of an embodiment of a
light-therapy apparatus useful for providing light to one or
more specified regions of a patient’s maxillary or mandibular
bone. FIG. 2 is a front view of the embodiment shown in FIG.
1. FIG. 3 is a top view of the embodiment shown in FIG. 1.
FIG. 4 is a right isometric view of the embodiment shown in
FIG. 1. The light-therapy apparatus can be useful for provid-
ing light to any region described anywhere above.

Light-therapy apparatus 20 has a frame 22 which is sized
and shaped to engage with one or more features of a patient’s
face. Features of a patient’s face can include, but are not
limited to, the patient’s ears, nose, nostrils, mouth, lips, chin,
jaw, cheek, brow, or forehead. The light-therapy apparatus 20
can have a frame 22 that optionally engages with other fea-
tures of a patient’s head or portion of their anatomy. For
example, the frame can engage with the crown of the patient’s
head, the top or back of the patient’s head, the neck, or
shoulders.

In the illustrative embodiment illustrated in FIGS. 1-4,
frame 22 is shaped to provide ear-engaging portions 24, a
nose-engaging portion 26, and support arms 28. A frame can
engage with features of a patient’s face by conforming to the
shape of the feature, wrapping around the feature, overlying
the feature, grasping the feature, adhering to the feature or
providing pressure or weight to the feature. In some embodi-
ments, frame 22 is formed as an integral unit. In other
embodiments, frame 22 is formed from two or more separate
pieces of material, which are suitably joined to provide frame
22. In some embodiments, frame 22 includes more than one
type of material; for example, support arms 28 can be made
from a material that is different from other portions of frame
22. Alternatively, the frame 22 can be formed of the same type
of material.

Support arms 28 can be disposed so that they are overlying
and contacting a patient’s face, directly over the patient’s
jawbone when light-therapy apparatus 20 is worn in a use
configuration by a patient. Portions 24 and 26 facilitate reten-
tion of light-therapy apparatus 20 on the facial area of a
patient, while support arms 28 support a plurality of light
sources 30 (also shown as light sources 30A-30H in some
figures), as discussed below. Support arms 28 can also facili-
tate engagement of light-therapy apparatus 20 on the facial
region of a patient, e.g., by providing a biasing force inwardly
against a patient’s face. Other suitable configurations of
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frame 22 in addition to the illustrated embodiment are useful
for securing light-therapy apparatus 20 to a patient’s face and
to support light sources 30 at the desired locations and with
the desired orientations. The frame can support one or more
light sources so that they contact the patient’s face. The frame
can be positioned so that the light source contacts the skin of
a portion of the face overlying the region.

The frame 22 can include one or more support arms 28 that
can be formed of an elongated portion. The support arms can
be straight, curved, or bent in order to engage with a patient’s
face as desired. In some embodiments, the frame 22 includes
other shaped portions that can include surfaces that can be
flat, curved, or bent, that can cover one or more portion of the
face. In one embodiment, the frame 22 can be curved over the
bridge of a patient’s nose, or curved around their ears. The
frame can curve around the mouth or around a portion of the
mouth.

FIG. 2 provides an example of a frame 22 where four
elongated support arms extend around the mouth. For
example, one, two or more support arms can be provided
below the mouth. The support arms can be configured to lie
over the patient’s face, directly above the patient’s jaw. One,
two or more elongated support arms can be provided above
the mouth or below the nose. The support arms can form two
tracks, an upper track above the mouth, and a lower track
below the mouth. In another embodiments, only one track is
provided, which can be above the mouth, below the mouth, or
in line with the mouth. Alternatively, additional tracks can be
provided; for example, multiple support arm tracks can be
provided above the mouth, below the mouth, or in line with
the mouth. The support arms can lie over a right side or a left
side of the patient’s face. In some embodiments, an elongated
support arm can form a continuous piece lying over both a
right side and left side of a patient’s face. Alternatively, sepa-
rate elongate portions can be provided for a right side and left
side of a patient’s face. Elongate portions can optionally
overlie a central region of the patient’s face. In some embodi-
ments, elongate portions do not overlie a central region of the
patient’s face. Any discussion herein of elongated support
arms can also apply to support arms or other portions of the
frame 22 that can have other shapes. Any arrangement of
support arms can be applied to any of the light-therapy appa-
ratus embodiments discussed herein.

In some embodiments, a support arm can include a support
feature. In some embodiments, at least one of a right side of
the support or left side of the support can comprise a support
feature. In some embodiments, both the right and left side of
the support can comprise support features. A support feature
can allow one or more component of the light-therapy appa-
ratus to removably engage with the support. In some embodi-
ments, the support feature can allow the one or more compo-
nents to move relative to the support while being engaged
with the support. In some embodiments, the one or more
components can comprise a light emitter, a light source, a
secondary support, a hinge, or a light assembly. The support
feature can be a track. In some embodiments, a track can
include a slot, channel, groove, or other female feature which
can be configured to accept a protrusion, ridge, or any other
male feature, which can be provided on a component, such as
a light source, a secondary support, a hinge, or a light assem-
bly. In one embodiment, the track can be formed on an inner
surface portion of the support (e.g., side of the support closer
to a patient’s face when in use). Alternatively, the track can be
provided on an outer surface portion of the support (e.g., side
of'the support further from the patient’s face when in use). In
some embodiments, the track can be provided through the
support. Alternatively, a support feature, such as a track, can
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have male features that can engage with a female feature of a
component. Interlocking features can be provided between
the support and one or more component.

FIGS. 8A-8D show another embodiment of a light-therapy
apparatus 80. The light-therapy apparatus 80 can have a frame
82 which is sized and shaped to engage with features of a
patient’s face. The frame 82 can optionally be shaped to
engage with features of a patient’s head or another portion of
the patient’s anatomy. Alternatively, the frame 82 is not
shaped to engage with other features of the patient’s head or
other portions of the patient’s anatomy.

In some embodiments, the frame 82 can be shaped to
provide ear engaging portions, a nose engaging portion 86,
and support arms 88. In some embodiments, the frame 82 can
be formed as an integral unit. For example, the ear engaging
portions, the nose engaging portion, and the support arms can
be formed of a continuous integral unit. In one instance, the
ear engaging portions, the nose engaging portion, and the
support arms can form a single continuous elongated piece. In
other embodiments, frame 82 can be formed from two or
more separate pieces of material, which are suitably joined to
provide frame 82. In some embodiments, one support arm per
side of the face can be provided. Alternatively, multiple sup-
port arms per side of the face can be provided. One or more
support arm can be engaged with the nose engaging portion or
ear engaging portion.

Support arms 88 can be disposed so that they are adjacent
to a patient’s face overlying the jawbone or so that they are in
the proximity of a patient’s jawbone when light-therapy appa-
ratus 80 is worn in a use configuration by a patient. In some
embodiments, the support arms can be positioned so that one
more light source 81 can contact the patient’s face over the
patient’s jawbone or contact any other selected region of a
patient’s face. In some embodiments, the support arms can be
configured to position one or more light source over one or
more temporomandibular joint, condyle, or glenoid fossa of
the patient. The light source can be positioned over a right
temporomandibular joint, a left temporomandibular joint, a
right condyle, a left condyle, a right glenoid fossa, or a left
glenoid fossa of the patient. Portions, such as an ear engaging
portion, nose engaging portion 26, or any other portion of a
frame that can engage with features of a patient’s face, can
facilitate retention of light-therapy apparatus 80 on the facial
area of a patient, while support arms 88 supports one or a
plurality of light sources 81 (also shown as light sources
81A-81D in some figures), as discussed below. Support arms
88 can also facilitate engagement of light-therapy apparatus
80 on the facial region of a patient, e.g., by providing a biasing
force inwardly against a patient’s face. Other suitable con-
figurations of frame 82 in addition to the illustrated embodi-
ment could be used to secure light-therapy apparatus 80 to a
patient’s face and to support light sources 81 at the desired
locations and with the desired orientations. Other features,
configurations, or components, as described in other embodi-
ments, can be incorporated within this embodiment.

A frame, for any embodiment of a light-therapy apparatus,
can be constructed from any suitable material; for example,
lightweight plastic, steel, aluminum, copper, copper clad
materials (such as aluminum or steel), nickel, titanium, silver,
iron, other suitable metal or plastic, tubular plastic, plastic
composite embedded with metal particles, graphite, graphite-
epoxy, or any combinations or alloys thereof. The frame or
portions of frame can optionally include a resin covering or
suitable padding to cushion a patient’s face. The frame can be
made from flexible material, or from material which is ther-
mally conductive. If a frame is made from a thermally con-
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ductive material such as, for example, aluminum, the frame
can be capable of dissipating heat from one or more light
sources, described below.

A frame can be made from a material which provides the
frame with flexibility or which permits the frame to be con-
formed to the anatomical features of a particular patient’s
face. The frame or other components of the light-therapy
apparatus can be bent in one or two dimensions. They can be
moldable to conform to contours of the patient’s face. A
physician, dentist, orthodontist, therapist, technician or other
individual, including a patient, can initially “fit” a particular
light-therapy apparatus to a particular patient by adjusting
and conforming that particular light-therapy apparatus to the
anatomical features of that particular patient to provide an
individualized fit. The material of which the frame is con-
structed can be sufficiently resilient to retain the individual-
ized fit over the course of orthodontic therapy for that par-
ticular patient, and yet sufficiently flexible to permit that
particular light-therapy apparatus to be re-adjusted (e.g. in
response to complaints of discomfort from a patient) or
adjusted to fit a different patient.

Any description, components, features, details of an
embodiment of a light-therapy apparatus can be applied to
any other embodiment of a light-therapy apparatus, and vice
versa. For example, modifications to any device of FIGS. 1-4
(e.g., a frame 22 or light source 30 as provided in FIGS. 1-4)
can be made to any of FIGS. 8A-8D (e.g., frame 82 or light
source 81 in FIGS. 8A-8D), FIG. 9, F1G. 14, F1IG. 17, or FIG.
18.

Providing a flexible frame 22 can also facilitate light source
30 contacting the cheek of a patient by support arms 28 (i.e.,
support arms 28 can bias light source 30 against the desired
region of light administration on a patient’s face, directly over
his or her jawbone). In some embodiments, the morphology
of'the frame or the support arms, can cause the light source to
contact a portion of a patient’s face when the light-therapy
apparatus is in use, e.g., when the light-therapy apparatus is
worn by a patient. Other features can bias the light source,
e.g., by providing pressure, to contact a portion of the
patient’s face, including but not limited to, elastic compo-
nents, springs, inflatable portions, moving mechanical por-
tions. Such bias can be provided when the patient’s face is
relaxed or when the patient’s face is tensed. Bias of light
source 30 on the cheek of a patient can depress the soft tissue,
which can increase the effective transmission of light through
the tissue. Thus, in some embodiments, it can be desirable for
a light source to contact the skin of a patient’s face or depress
the skin of the patient’s face.

In other embodiments, a gap can be provided between a
light source and a skin of the patient’s face. The frame can be
configured to provide the gap between the light source and the
patient’s face. The light source can be in close proximity to
the skin of the patient’s face without contacting the patient’s
face. In some embodiments, the light source does not contact
a patient’s face when the patient’s face is relaxed but can
contact the face if the patient flexes a portion of the patient’s
face or tenses the face. In some embodiments, a light source
can be about 1 mm or less, 2 mm or less, 3 mm or less, 5 mm
orless, 7mmorless, 1 cmorless, 1.5 cm or less, 2 cm or less,
2.5 cm or less, 3 cm or less, or any distance described any-
where above, away from a patient’s face while the patient’s
face is relaxed.

In some embodiments, the light source can contact a trans-
lucent or transparent material, such as a gel or solid film that
contacts the patient’s face. The frame can be configured so
that the translucent or transparent material contacts the
patient’s face when the apparatus is in use. In some embodi-
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ments, the light source can include an exterior surface formed
of a translucent or transparent material, such as a gel or solid
film that contacts the patient’s face. One or more light emit-
ters of the light source can contact that exterior surface. Alter-
natively, a gap can be provided between the light emitters and
the exterior surface. In some embodiments, the translucent or
transparent material filters light of one or more particular
wavelengths. In some other embodiments, the material dissi-
pates heat generated by operation of the light source.

In some embodiments, a light emitter provided on a light
source can be positioned at a distance from a region. The
frame can be configured so that the light source is at a distance
from the region. The region can be within a patient’s oral
cavity. In some embodiments, the light emitter can be pro-
vided external to the oral cavity. A portion of a patient’s face,
such as the cheek, lips, or chin can be lie between the light
emitter and the oral cavity when the device is in use. A light
emitter can be positioned at about 0.1 mm or less, about 0.5
mm or less, about 1 mm or less, about 2 mm or less, about 3
mm or less, about 5 mm or less, about 7 mm or less, about 1
cm or less, about 1.5 cm or less, about 2 cm or less, about 2.5
cm or less, about 3 cm or less, or any distance described
anywhere above, from a region.

Optionally, regions of greater flexibility than the remainder
of frame can be provided between light sources or at other
suitable locations on frame, to allow frame to be bent to
provide a better fit around the facial area. Regions of greater
flexibility can be provided, for example, by forming the
region of greater flexibility from a portion of material that is
thinner than the remainder of frame, by forming the region of
greater flexibility from a material that is more flexible than the
remainder of frame, or by providing hinge-like members
(e.g., a thin crease or other bend line set into the material of
which frame is constructed) within the frame. Other examples
ot how flexibility can be provided, can include using a bend-
able material, using a stretchable elastic material, using a
spring, including multiple components that can slide or move
relative to one another, that can unfold relative to one another,
using telescoping features, including one or more joint (e.g.,
ball and socket, hinges), or having parts that can lock to one
another at different size options. The frame can be adjustable
to fit patients with different sized or shaped heads. In some
embodiments, a frame size can be selected based on the size
or shape of a patient’s head.

In some embodiments, at least one light source 30 is
secured to frame 22 in order to emit light towards a patient
when light-therapy apparatus 20 is in the use position. Light
source 30 is disposed extra-orally, i.e., outside of a patient’s
oral cavity, when light-therapy apparatus 20 is in the use
position. When in use, the light source irradiates through the
skin of a patient’s face. Light can reach a region that is within
apatient’s oral cavity by transcutaneously irradiating through
the skin. In some embodiments, when in use, light from a light
source 30 is not configured to directly irradiate into the oral
cavity, and reaches the oral cavity only through the skin. In
one embodiment, light can reach a region only transdermally.

A light-therapy apparatus can have one or more light
source capable of emitting light in the wavelengths discussed
below or described anywhere above. The light provided by
the light source is not necessarily visible light—any desired
wavelength can be used. For example, light emitted by the
light source can include infrared light or near-infrared light.
The light source can also irradiate in the visible light region.
For example, the light source can be configured to irradiate
light falling within or ranging from about 400 nm to about
1200 nm. In particular embodiments, the light source can be
configured to irradiate light falling within or ranging from
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about 500 to about 700, about 585 nm to about 665 nm, about
605 nm to about 630 nm, about 620 nm to about 680 nm,
about 815 nm to about 895 nm, about 815 to about 895 nm,
about 820 nm to about 890 nm, about 640 nm to about 680
nm, or about 740 nm to about 780 nm. In some embodiments,
the wavelengths can fall within or range from about 605 nm to
about 645 nm, or from about 835 nmto about 875 nm. In some
embodiments, the wavelengths can fall within or range from
about 615 nm to about 635 nm, or from about 845 nm to about
865 nm. In some embodiments, the wavelengths can be about
625 nm or about 855 nm. In some embodiments, a light source
can be configured to emit light at one, two, or more of the light
ranges described. In some embodiments, a light source does
not emit light outside one, two, or more of the light ranges
described. In other embodiments, light emitters can be con-
figured to irradiate light having other wavelengths, as desired
for a particular application. The light sources described
herein can emit light at any of the wavelengths described
anywhere above.

In some embodiments a light source can be capable of
emitting light at one, two, or more peak wavelengths of emis-
sion. A peak wavelength can be the wavelength at which the
highest intensity of light is emitted. In some embodiments,
light can be emitted at a range of wavelengths and the peak
wavelength can be the wavelength with the highest intensity
within the range. In some embodiments, a peak wavelength
can be provided at about 620 nm, about 640 nm, about 650
nm, about 655 nm, about 660 nm, about 665 nm, about 670
nm, about 680 nm, about 690 nm, about 800 nm, about 820
nm, about 830 nm, about 835 nm, about 840 nm, about 845
nm, about 850 nm, about 860 nm, about 870 nm, or about 890
nm. The light sources described herein can emit light having
any of the wavelength characteristics described anywhere
above.

A light source can be any suitable light source, which can
include one, two, three, four, five, six, seven, eight, or more
light emitters. In some embodiments, a light source com-
prises about 10 to about 15 emitters, about 15 to about 20
emitters, about 20 to about 30 emitters, about 30 to about 40
emitters, about 40 to about 50 emitters, about 50 to about 70
emitters, or about 70 emitters to about 100 emitters. For
example, a light source can comprise a light-emitting diode
(LED) (e.g., gallium arsenide (GaAs) LED, aluminium gal-
lium arsenide (AlGaAs) LED, gallium arsenide phosphide
(GaAsP) LED, aluminium gallium indium phosphide (Al-
GainP) LED, gallium(III) phosphide (GaP) LED, indium gal-
lium nitride (InGaN) I gallium(II) nitride (GaN) LED, or
aluminium gallium phosphide (AlGaP) LED), which can be
present in an array; or a laser, for example a vertical cavity
surface emitting laser (VCSEL) or other suitable light emitter
suich as an Indium-Gallium-Aluminum-Phosphide (In-
GaAlP) laser, a Gallium-Arsenic Phosphide/Gallium Phos-
phide (GaAsP/GaP) laser, or a Gallium-Aluminum-Ars-
enide/Gallium-Aluminum-Arsenide (GaAlAs/GaAs) laser.
In one embodiment the light source comprises a plurality of
lasers. A plurality of light emitters capable of emitting light at
several different wavelengths can be used for light source 30.
Alternatively, one or more light emitters capable of emitting
light at the same wavelength can be used for the light source.
One or more light emitters can be arranged on a light source
in any manner. For example, a plurality of light emitters can
be arranged in one or more rows or columns. The rows or
columns can form an array, or a staggered set of rows or
columns, concentric shapes. Light emitters can be provided
from any commercially available source, and can include but
are not limited to Optowell XH85 vesel, ULM Vesel, or
Osram MID LED.
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A light source 30 can be of any size and shape useful to
irradiate through a patient’s face a specified region of the
patient’s maxillary or mandibular alveolar bone. For
example, in some embodiments, the light source 30 can have
a height of about 9-10 mm along a vertical axis tangential to
a patient’s face, and a width in the range of about 15-18 mm
along a horizontal axis tangential to a patient’s face, as mea-
sured when light-therapy apparatus 20 is in the use configu-
ration. One or more dimensions of a light source range from
about 1-70 mm. In some embodiments, one or more dimen-
sions of a light source range from about 1-3 mm, about 3-5
mm, about 5-7 mm, about 7-10 mm, about 10-15 mm, about
15-20 mm, about 20-25 mm, about 25-30 mm, about 30-35
mm, about 35-40 mm, about 40-50 mm, or about 50-60 mm.

A light source can have any shape, which can include, but
is not limited to, a substantially rectangular shape, square
shape, triangular shape, hexagonal shape, octagonal shape,
trapezoidal shape, circular shape, elliptical shape, crescent
shape, cylindrical shape or half-circle. A light source can have
rounded or pointed corners. In some embodiments, the
dimensions of a light source can be about the same as dimen-
sions for a region area. In other embodiments, the dimensions
of'alight source can be greater than the dimensions of aregion
area. Alternatively, the dimensions of a light source can be
less than the dimensions of the region area. The relative areas
of'a light source and region can depend on a parallel, conver-
gence, or divergence angle at which light is emitted.

In some embodiments, each of the light sources within a
light-therapy apparatus can be the same size or shape. Inother
embodiments, the light sources can have different sizes or
shapes. Light source size or shape can be selected to admin-
ister a desired distribution of light to a region. A light source
can have one type of light emitter. Alternatively, a light source
can have two, three, four, five, or more different types of light
emitters. Each light source can have a different light emitter
or combination of light emitters, or can have the same light
emitter or combination of light emitters. For example, each
light source can have LEDs emitting light within the range of
about 585 nm to about 665 nm, and LEDs emitting light
within the range of about 815 nm to about 895 nm. In another
embodiment, a first light source can have LEDs emitting from
about 585 to about 665 nm, while a second light source can
have LEDs emitting from about 815 to about 895 nm.

In some embodiments, one or more light source can
include a substrate supporting the one or more light emitters.
For example, one or more light source can comprise an array
of light emitters mounted on a flexible sheet of material that
will hold a shape when it is bent. The flexible material can
advantageously comprise a metal sheet that can serve as a
heat sink or thermal path to a heat sink. The flexible sheet can
be molded to conform to the contours of a patient’s face while
the light-therapy apparatus is being fitted or is in use. The
substrate can also include a cushioned material that can con-
tact a patient’s face without causing discomfort.

In some embodiments, light emitters of different charac-
teristics (e.g., wavelength, intensity, pulsing, size), can be
provided for a light source. In some embodiments, the differ-
ent light emitters can be evenly interspersed within a light
source. For example, light emitters of a first wavelength can
be evenly interspersed within light emitters of a second wave-
length. Alternatively, different light emitters can be localized.
For example, light emitters of a first wavelength can be pro-
vided within a first region of a light source, and light emitters
of a second wavelength can be provided within a second
region of the light source.

A plurality of light sources 30 can be disposed on frame 22
to administer light of the desired wavelength substantially
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uniformly to desired regions of a patient’s face, so as to
irradiate, in one embodiment through the face, the patient’s
maxillary or mandibular bone, such as the maxillary or man-
dibular alveolar bone, one or more temporomandibular joint,
one or more condyle, one or more glenoid fossa, or any other
region as described elsewhere herein. Any number of light
sources can be disposed on a frame. For example, one, two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nine-
teen, twenty, or more light sources can be provided for a
light-therapy apparatus. The light sources can be distributed
along any portion of the frame. In some embodiments, the
same number of light sources can be provided on the right
side and the left side of the frame. Alternatively, different
numbers of light sources can be provided the right and left
sides of the frame. One, two, three or more light sources can
be positioned to administer light to a region. In some embodi-
ments, the light administered by light sources to a particular
region can be the same for each light source, or can vary.

One or more of the light sources can be removable. In some
embodiments, all of the light sources are removable, while in
other embodiments, one or more of the light sources are not
removable. In some embodiments, none of the light sources
are removable. Different types of light sources can be used to
provide a desired light with a desired distribution to a region.
For example, different light sources can be used for different
applications, such as different stages of orthodontic or ortho-
pedic treatment. For example, a first light source providing
light at a first wavelength range can be used for one purpose,
and a second light source providing light at a second wave-
length range can be used for the same or for a different
purpose. Or a first light source having a first size or shape can
beused instead of or in conjunction with a second light source
having a second size or shape. Additional light sources can be
added or removed. Different light sources can be added or
removed during the course of a treatment, such as an orth-
odontic treatment, bone remodeling treatment, or any of the
other treatments disclosed herein, or during the course of
preventing one or more abnormal conditions disclosed
herein.

Each individual light source 30 can be separately config-
ured or separately controllable, to provide light of a specified
wavelength or intensity to a specific region of a patient’s
jawbone, or any other region for a desired period. In one
embodiment the light is provided through the patient’s face.

In some embodiments, one or more groups or subgroups of
light sources can be separately configured or separately con-
trollable, while all light sources belonging to the group or
subgroup provide light of the same wavelength or intensity. In
another implementation, all light sources belonging to a light-
therapy apparatus can be controlled together.

In some embodiments, a light-therapy apparatus can be
configured to administer light to only some regions of the
patient’s maxillary or mandibular alveolar bone, if it is
desired that teeth in other regions do not need to be moved
(e.g. it can be desired to move only the upper teeth of a patient,
or only the lower teeth, or to use certain teeth as an anchor
when moving other teeth by administering no light to the
anchor teeth). The light-therapy apparatus can also be capable
of providing light of different wavelengths to different
regions of the patient’s maxillary or mandibular alveolar
bone, if it is desired to differentially manipulate the move-
ment of a patient’s teeth, as described below. For example,
light of a first wavelength can be administered to a first region
and light of a second wavelength can be administered to a
second region. The first and second wavelengths can include
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any wavelengths described elsewhere herein, such as about
585 nm to about 665 nm, and about 815 nm to about 895 nm,
respectively.

In some embodiments, light can be administered to a
region that can include a portion oftissue (e.g., bone tissue, or
soft tissue) or other regions within the patient’s oral cavity
without being administered to other portions of the patient’s
oral cavity. In some embodiments, light can be administered
to a region that can include a portion of tissue (e.g., bone
tissue, or soft tissue) or other regions within the patient’s oral
cavity at a much greater intensity than it is administered to
other portions of the patient’s oral cavity. For example, 3x,
5%, 10x, 20x, 50x, or 100x greater intensity of light can be
administered to a region, than another portion of the patient’s
oral cavity. In some embodiments, this is achieved by apply-
ing to the patient one or more intraoral or extra-oral light-
translucent or light-opaque masks that shield from light one
or more non-regions. In some embodiments, light reaching a
region can have an intensity that is greater than a threshold
value. In some embodiments, the threshold value can be at an
intensity as discussed elsewhere herein.

A patient can position light-therapy apparatus 20 herself or
himself to accurately and repeatedly illuminate a desired
location in the patient’s dental and maxillofacial areas when
light-therapy apparatus 20 is in a use position. Consistent
positioning of light-therapy apparatus 20 during the course of
a patient’s treatment can make therapy more effective and
repeatable, and ease of use of light-therapy apparatus 20 can
facilitate patient compliance with a given treatment regimen.

In the embodiment illustrated in FIGS. 1-4, a plurality of
light sources 304, 30B, 30C, 30D, 30E, 30F, 30G, and 30H
are disposed at symmetrical locations about frame 22. In
other embodiments, a plurality of light sources 30 can be
disposed asymmetrically about frame 22, the position of light
sources 30 on frame 22 can be adjustable, or one or more than
one light source 30 can be removable, to permit light-therapy
apparatus 20 to be configured to administer, in one embodi-
ment through the patient’s face, light to a specific region or
regions of a patient’s maxillary or mandibular bone, such as
specific regions of the patient’s maxillary or mandibular
alveolar bone, temporomandibular joint, condyle, or glenoid
fossa. For example, each light source 30 can be configured to
illuminate the bone surrounding a specific number of teeth,
for example two or three teeth, at a specific location.

In use, light is emitted from an inner surface 32 of one or
more light source 30 extra-orally towards a desired area. As
used herein, the term “inner surface” refers to the surface of
an element that is closest to the facial regions of a patient
when light-therapy apparatus 20 is in the use position. Inner
surface 32 can have rounded edges 33, as shown for example
in FIGS. 7 A and 7B, and can include a clear resin window
covering the light emitters, to provide greater comfort for a
patient when light-therapy apparatus 20 is in the use position
and when the light emitter’s contact the patient’s face.

Any suitable light emitter can be used for the one or more
light source 30. In some embodiments, light is emitted by
arrays of discrete LEDs. The LEDs can be arranged in any of
a wide variety of patterns. For example, the LEDs can be
arranged in staggered parallel rows to maximize the density
of LEDs in the LED array. The LEDs can be arranged to
achieve substantially uniform optical intensity over the light-
emitting inner surface 32 of one or more light source 30.
Alternatively, the LEDs can be clustered or distributed to
provide varying optical intensities over an area of a light
source. In some embodiments, each array can comprise 5 to
about 20 LEDs or other light emitters. In some embodiments,
each array can comprise about 20 to about 50 or more LEDs
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or other light emitters. In other embodiments, light from one
or more light source 30 can be emitted by one or more than
one VCSEL. A plurality of VCSELs can be disposed in an
array on a light source 30. The VCSELSs can be disposed in
aligned or staggered parallel rows. In another embodiment, a
combination of different types of light emitters, such as LEDs
and VCSELs can be provided for the same light source.

A light-therapy apparatus can be configured to provide
light with a desired light intensity. In one embodiment the
average light intensity produced by a light source 30 is at least
about 10 mW/cm?. In other embodiments, the average light
intensity produced by a light source is be about 1 mW/cm? or
greater, about 3 mW/cm?® or greater, about 5 mW/cm? or
greater, about 7 mW/cm? or greater, about 12 mW/cm? or
greater, about 15 mW/cm? or greater, about 20 mW/cm? or
greater, about 30 mW/cm? or greater, about 50 mW/cm? or
greater, about 75 mW/cm? or greater, about 100 mW/cm?® or
greater, about 200 mW/cm? or greater, about 500 mW/cm? or
greater, or about 1 W/cm? or greater. In other embodiments,
the average light intensity produced by a light source can be
about 20 mW/cm? or less, about 30 mW/cm? or less, about 50
mW/cm? or less, about 75 mW/cm? or less, about 100
mW/cm? or less, about 200 mW/cm? or less, about 500
mW/cm? or less, about 1 W/em? or less, or about 2 W/em? or
less. In some embodiments, a light source 30 has an average
intensity that is, or can be adjusted to be, in the range of about
10 mW/cm? to about 60 mW/cm?, or about 20 mW/cm? to
about 60 mW/cm?. In some embodiments, the output of light
source 30 is pulsed. In such embodiments, the peak light
intensity can be significantly higher than about 50 mW/cm?.
In other embodiments, the output of light is continuous. In
some embodiments, the light intensity can vary over time in a
cyclical or non-cyclical fashion. The light intensity can vary
with or without pulsing. In some embodiments, the light
intensity can vary with pulse width modulation. Any other
light intensity described anywhere above can be provided by
the light-therapy apparatus.

The light emitters can be controllable so that the number of
lights that are on or off at a given period can be individually
controllable. For example, each light emitter can be on or off
relative to other light emitters. This can be desirable when it
is desirable to administer light to different regions. Thus, the
light-therapy apparatus can alter the position of light being
administered. In another embodiment, each light emitter can
be on or off relative to other light emitters. For example, at
some times, light emitters emitting in a first wavelength range
can be on while light emitters emitting in a second wave-
length range can be off, vice versa, or both types of light
emitters can be on or off. Thus, the wavelength of light being
administered can be varied. In some embodiments, the inten-
sity of light being administered can be varied (e.g., by turning
some light emitters on or off, or varying the intensity emitted
by the light emitters). If the light emitters are pulsed, their
duty cycle can be adjustable; e.g., light emitters can be
capable of having a duty cycle of about 10%, about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, or about 90%. The light emitters can be capable of
pulsing can occur with any frequency. For example, light
emitters can be pulsed on the order of every picosecond,
nanosecond, microsecond, millisecond, second, multiple sec-
onds, or minutes. Light emitters can provide light with fre-
quencies of about 1 mHz, about 10 mHz, about 50 mHz, about
100 mHz, about 500 mHz, about 1 Hz, about 2 Hz, about 5 Hz,
about 10 Hz, about 15 Hz, about 20 Hz, about 25 Hz, about 30
Hz, about 35 Hz, about 40 Hz, about 50 Hz, about 70 Hz,
about 100 Hz, about 200 Hz, about 500 Hz, or about 1 kHz.
The light-therapy apparatus can be controllable so that any of
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the aforementioned characteristics of light emission (e.g.,
whether the light is on or off, continuous or pulsed, duty
cycle, frequency, intensity, wavelength) can be varied or
maintained in accordance with instructions from a controller.

The light-therapy apparatus can be capable of emitting
light with varying intensities. Any ratio of intensities can be
provided for light emitted at any of the wavelengths. For
example, light emitted at a first wavelength can have about a
1.1x, 1.2x, 1.3x, 1.5%x, 1.7x, 2.0x, 2.5, 3.0x, 3.5%, 4.0x,
5.0%, 10x, 12x, 15x%, 20%, 30x, 50x, 100x intensity compared
to a light emitted at a second wavelength. In some embodi-
ments, the same number of light emitters having a first set of
characteristics and a second set of characteristics can be pro-
vided. In other embodiments, more light emitters having a
first set of characteristics can be provided than light emitters
having a second set of characteristics. For example, about
1.1x, 1.2x, 1.3x, 1.5%x, 1.7x, 2.0x, 2.5, 3.0x, 3.5%, 4.0x,
5.0%, 10x, 12x, 15%, 20x%, 30x, 50x, 100x light emitters hav-
ing the first set of characteristics can be provided as light
emitters having the second set of characteristics.

One or more light source 30 can include optical elements
such as one or more lenses or reflectors to focus and direct
light from the light source 30 onto a selected area. Any type of
optical lens or reflector can be used. For example, an optical
lens can be used to collimate the light, diffuse the light, or
focus the light. In some embodiments, one or more Fresnel
lenses or telecentric lenses can be used. Any type of reflector
can beused. A lens can be provided to cause light divergence,
or light convergence. For example, one or more mirrors can be
incorporated. The mirrors can be used to assist with scatter-
ing, redirecting, or focusing the light. Such optical elements
can be suitably encapsulated in plastic or similar material,
which can be transparent, translucent or opaque. The plastic
or other encapsulating material can form an exterior surface
of'alight source. The light emitters or optical elements can be
provided within an interior portion of the light source. Alter-
natively, encapsulating materials need not provided, and the
optical elements or the light emitters can be provided as an
exterior surface ofa light source. In some embodiments, there
can be a gap between a light emitter and an encapsulating
material. A gap can exist between a light emitter and an
exterior surface of the light source.

An exterior surface of a light source can contact a patient’s
face. For example, an encapsulating material for a light
source can contact a patient’s face. In other examples, optics,
such as a lens optionally contacts the patient’s face. In some
embodiments, a light emitter can contact the face directly,
while in other embodiments, the light emitter does not contact
the face directly.

FIG. 5 shows a portion of a light source 30. In the illustrated
embodiment, a light emitter 38 (which can, for example,
comprise a junction in a light-emitting diode or other light-
emitting semiconductor device) is located adjacent to a
reflective backing 40. A curved light-reflecting recess 42 is
provided adjacent to light emitter 38. Light from light emitter
38 isreflected in recess 42 to form a beam. The beams from all
light emitters of a light source 30 can combine to illuminate
the selected tissues. The area covered by the beam will
depend upon the tissues which it is desired to treat. In some
embodiments, the beam of light emitted by a light source 30
diverges to cover an area of tissue larger than the area of the
light-emitting part of a light source 30. In other embodiments
the emitted light converges to provide increased light inten-
sity at the location of the tissues that it is desired to treat. In
some embodiments, the emitted light diverges in a beam
having an included angle ©® in the range of about 45° to about
60°. The emitted light can form a diverging to have an
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included angle ® of 0° to about 15°, 0° to about 30°, 0° to
about 45°, 0° to about 60°, 0° to about 75°, 0° to about 90°, or
0° to about 120°.

Since LEDs and other light emitters can emit heat when
they are operated, it can be desirable to provide a suitable
mechanism for dissipating the heat to prevent any parts of
light-therapy apparatus 20 that are proximate to a patient’s
skin from getting too hot. In some embodiments, heat is
dissipated by passive cooling, such as, for example, provision
of appropriate heat sinks or permitting air to flow freely
around light sources 30. Heat sinks 36 are an example of
passive cooling. Heat sinks can be in thermal communication
with one or more light source. In one embodiment, one or
more light source can comprise thermally-conductive LED
wafers mounted on a suitable heat sink. Heat from the LED
wafers can be conducted into the heat sink and dissipated.

In some embodiments, one or more light source 30 can
include a forced air, liquid, or solid state cooling system. In
one embodiment, a heat sink has pins projecting from its face
that is away from LED arrays. A fan causes air to flow past
pins to carry away excess heat. Other fluids, such as other
gases, or water or other liquids, can be driven past the pins to
assist with carrying away excess heat.

A cooling system allows for administration of light without
the danger of potential burns to the patient and allows for
greater efficiency and control of the apparatus. A cooling
system can be installed on light-therapy apparatus 20 in any
suitable manner. The cooling system can be in thermal con-
tact with one or more light source. In some embodiments, a
cable recess (illustrated as 64A or 64B in FIGS. 7 A and 7B)
can be provided within one or more light source 30 to accom-
modate aspects of a cooling system or cables that can be used
with or form part of light-therapy apparatus 20.

In one embodiment, as shown in FIGS. 8 A-8D, a cooling
mechanism 83 can be provided. In one embodiment, the
cooling mechanism can contact one or more light source 81,
and can be formed of a conductive material. The cooling
mechanism can conduct heat from the one or more light
source and dissipate the heat to the surroundings. The cooling
mechanism can function as a heat spreader or heat sink. The
cooling mechanism can have an increased surface area by
including one or more open region 83a disposed between one
or more solid region 835. A fluid is optionally forced through
the cooling mechanism.

In one embodiment that can use either passive or active
cooling, or both, support arms 28 can be constructed from
milled aluminum, and one or more light source 30 can be
constructed so as to be engageable with a track formed on the
inner surface 34 of support arms 28, as shown for example in
FIG.7 A. One or more light source 30 can be engageable with
a track 60 formed in the inner surface 34 of support arms 28
via a track-engaging ridge 62A formed on the one or more
light source 30. Track 60 and track-engaging ridge 62A can
have any suitable complementary configuration and orienta-
tion to retain one or more light source 30 against support arms
28 and oriented toward a wearer’s face when light-therapy
apparatus 20 is in the use position. One or more light source
30 can be slideable within track 60, to facilitate the position-
ing of light source 30. One or more light source 30 can
alternatively be coupled to support arms 28 in any other
suitable manner, such as by a clip, clamp, adhesive, thermally
conductive adhesive, hook and loop fastener, or any other
connection mechanism. In some embodiments, one or more
light source 30 can be integrally formed with support arms 28.

In some embodiments, the track can have a fixed position
relative to the rest of the frame. In one embodiment, a track
can be a shaped feature within the frame. In other embodi-
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ments, the track can be adjustable to the rest of the frame. For
example, the track can be formed of a material that can allow
auser to bend the track to a desired configuration, and can stay
at that configuration. In other embodiments, adjustment fea-
tures, such as hinges, joints, or other moving parts can allow
a user to adjust a track position.

One or more light source can slide along a length of the
track. Alternatively, light sources can be attached or removed
at different points along the track. In some embodiments,
light sources can be attached or removed only at certain
locations along the track (e.g., discrete portions that accept
the light sources). Alternatively, one or more light source can
be attached or removed at any point along the track. Thus, one
or more light source can be displaced.

In some embodiments, one or more light sources can be
applied to the frame so that they have a fixed orientation.
Alternatively, the one or more light sources can be rotatable
relative to the frame. Depending on the dimensions of a light
source, this can allow variation in the region receiving light.
One or more light source can be rotatable about one or more
axis. For example, one or more light source can be rotatable
about a first axis that is about parallel, i.e., ranging from +18°
to —18° of being parallel, with the support arm, about a second
axis that is perpendicular to the support arm, or about a third
axis that is perpendicular to both the first and second axis. In
some embodiments, one or more light source can be sup-
ported by a hinge, pivot, or other configuration that can allow
one axis of rotation. In other embodiments, multiple hints,
pivots, or other mechanisms can be provided that can allow
for two or more axes of rotation. In another embodiment, one
or more light source can be supported by a ball and socket
joint that can provide multiple degrees of freedom. The ori-
entation of one or more light source relative to the frame can
be manually adjusted. A user can turn one or more light source
to a desired orientation. Alternatively, the orientation of one
ormore light source can be remotely controlled. For example,
one or more actuator can be provided that can cause one or
more light source to turn to a desired orientation. Actuators
can operate based on a signal received from a controller. The
signal can be received via a wired connection or wirelessly, as
discussed elsewhere herein.

In another embodiment, as shown in FIGS. 8 A-8D, one or
more light source 81 can be configured to slide along a sup-
port arm 88. For example, a support arm on the right side of
the face and a support arm on the left side of the face can
include a track 85 that can enable a light assembly to slide
along the track. The track can be parallel to the support arm.
Alternatively, the track can be provided at some non-parallel
angle to the support arm. In some embodiments, the track or
support arm can have a substantially horizontal orientation
when the apparatus is in use. A light assembly can include one
or more light source 81, temperature control system 83 or
vertical track 87. In some embodiments, one or more light
assembly can be provided on a right support arm or one or
more light assembly can be provided on a left support arm. In
some embodiments, a support arm does not include a light
assembly. A track on a support arm can be about horizontal,
i.e., ranging from +18° to —18° of being horizontal. In alter-
nate embodiments, the track can have any other orientation,
which can include a vertical track, slanted travel, or curved
track. In some embodiments, one, two, three, or more tracks
can be provided on a support arm. The position of a light
assembly relative to a support arm can be manually adjusted.
For example, a user can push the light assembly to a desired
position along the support arm. Alternatively, the position of
the light assembly can be remotely controlled. For example,
one or more actuator can be provided that can cause the light
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assembly to move to a desired position. Actuators can
include, but are not limited to, motors, solenoids, linear actua-
tors, pneumatic actuators, hydraulic actuators, electric actua-
tors, piezoelectric actuators, or magnets. Actuators can cause
the light assembly to move based on a signal received from a
controller.

In some embodiments a vertical track 87 can be provided.
The vertical track can be about perpendicular, i.e., ranging
from +9° to -9° of being perpendicular, to a track along a
support arm 88. Any description herein of the vehicle track
can be applied to any other secondary track of any orientation
that can be in communication with a track on a support arm.
The vertical track can be adjustable relative to a track on the
support arm. For example, the vertical track can slide along
the track along the support arm. In some embodiments, the
vertical track can be removable or attachable to the support
arm, such as on the track along the support arm. In some
embodiments, the vertical track can be attachable at one or
more location along the support arm. Such locations can be
discrete or continuous. One, two, three, four, or more vertical
tracks can be attachable to the support arm simultaneously.
The position of a vertical track relative to a support arm can be
manually adjusted. For example, a user can push the vertical
track to a desired position along the support arm. Alterna-
tively, the position of the light assembly can be remotely
controlled. For example, one or more actuator can be pro-
vided that can cause the light assembly to move to a desired
position. The actuator can respond to a signal from a control-
ler. The vertical track is optionally rotatable relative to the
support arm. For example, the vertical track can be rotatable
so that it is no longer vertically oriented, but can be horizon-
tally oriented, or provided at a slant. The vertical track can be
rotated manually. Alternatively, one or more actuator can be
provided that can cause the vertical track to rotate to a desired
position. The actuator can respond to one or more signal from
a controller.

One or more light source 81 can be configured to slide
along a vertical track. Alternatively, one or more light source
can be attachable or removable from the vertical track at
discrete or continuous locations. The position of one or more
light source relative to a vertical track can be manually
adjusted. For example, a user can push one or more light
source to a desired position along the vertical track. Alterna-
tively, the position of one or more light source can be
remotely controlled. For example, one or more actuator can
be provided that can cause one or more light source to move
to a desired position. One or more light source can have a
fixed orientation relative to the vertical track. Alternatively, it
can be rotatable about a first axis, second axis, or third axis,
such as those previously described. One or more light source
can be manually oriented, or can have an actuator that orients
the light source in response to a signal received from a con-
troller. In one embodiment, one or more light source can be
attached to a vertical bar 89 that can allow the light source to
rotate about the bar within a limited range. This can allow the
light source to have a desired position relative to a patient’s
face when in use. In one embodiment, two light sources can
be provided along a vertical track. In alternate embodiments
of the invention, the vertical track need not be perpendicular
to a support arm and vertical. For example, a secondary track
can be provided at any angle relative to the support arm (e.g.,
atabout 15 degrees, about 30 degrees, about 45 degrees, about
60 degrees, about 75 degrees, or about 90 degrees relative to
the support arm). In some embodiments, the secondary track
can have a fixed orientation relative to the support arm. Alter-
natively, the secondary track can be rotatable relative to the
support arm.
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In some embodiments, one or more light source can rotate
or move relative to the secondary track. For example, a hinge,
pivot, ball and socket joint, or other type of mechanism can be
provided that can allow one or more light source to rotate
relative to the second track. In some embodiments, one or
more light source can rotate within a limited range. In some
embodiments, the relative position of one or more light source
can be adjusted manually. For example, one or more light
source can contact a patient’s face and the position of the light
source can conform to the contours of the patient’s face. For
example, the relative angle of the light source can conform to
the patient’s face. In other embodiments, one or more actuator
can be provided to adjust the position of one or more light
source. An actuator can operate in response to a signal
received from a controller. In some embodiments, the posi-
tion of one or more light source can be locked so that once a
desired configuration for the light source has been set, it is not
be adjusted manually. Alternatively, one or more light source
can be responsive to force, so that a patient or other individual
can be able to adjust the position of the light source.

In some embodiments, a third track, or fourth track can be
provided. In one embodiment, a third track can be provided
on a secondary track, or a fourth track can be provided on a
third track. The support arm can comprise any number of
tracks that provide various degrees of flexibility in the loca-
tions of one or more light source. In other embodiments, the
support arm comprises one or more other components or
configurations which can include but are not limited to bars,
notches, slides, elastics, or holes.

A heat sink 36 can interpose one or more light source 30
and inner surface 34 of support arms 28. Heat sink 36 can, for
example, be made of copper, aluminum, or other suitable
thermally conductive material, to enhance dissipation of heat
from light source 30. With reference to FIG. 7B, heat sink 36
can be engageable with track 60 formed in the inner surface
34 of support arms 28 via a track-engaging ridge 62B formed
on heat sink 36. Track 60 and track-engaging ridge 62B can
have any suitable complementary configuration and orienta-
tion to retain heat sink 36 against support arms 28, and to
retain light source 30 oriented toward a wearer’s face when
light-therapy apparatus 20 is in the use position. Heat sink 36
can alternatively be coupled to support arms 28 in any suitable
manner, rather than via engagement with track 60 through
optional track-engaging ridge 62B. For example, heat sink 36
can be coupled to light source 30 by a clip, clamp, adhesive,
thermally conductive adhesive, hook and loop fastener, or any
other connection mechanism. In some embodiments, heat
sink 36 can be integrally formed with either or both of light
source 30 or support arms 28. In some embodiments, a heat
sink can be coupled to each light source.

A gas, liquid, or solid state cooling system can be provided
on support arms 28 to maintain light source 30 at a suitable
temperature, or passive cooling means can be employed as
previously described. In some embodiments, the temperature
of the inner surface 32 of light source 30 can be maintained
below a temperature of about 41° C., in one embodiment,
from about 20° C. to about 35° C. A cable recess, illustrated
for example as 64A or 64B (FIGS. 7 A and 7B) can be
provided in light source 30 to accommodate cables for carry-
ing electricity to light source 30 or components of a gas or
liquid cooling system. An optional sensor or a controller 50 as
described below can be provided, to automatically switch off
any light source ifthe temperature of inner surface 32 or some
other designated portion of that particular light source 30
exceeds a predetermined value.

The temperature of a light source can be varied or main-
tained to maintain or approach a desired temperature. For
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example, a cooling system can be used to reduce the tempera-
ture of a light source and prevent it from becoming too hot. In
some situations, a temperature control system can be pro-
vided that can prevent a light source from being too cold or
too hot. A desired temperature range can be preset. The
desired temperature range can be fixed or adjustable. In some
embodiments, a desired temperature range can range about
+10° C., about £7° C., about £5° C., or about +3° C. of the
ambient air temperature, or range about £10° C., about +7°
C.,about £5°C., orabout £3° C. of the skin temperature of the
user wearing the apparatus.

In some embodiments, light-therapy apparatus 20 is dis-
posed and supported exclusively or substantially external to a
mouth of a patient. A light-therapy apparatus which is sup-
ported exclusively or substantially external to a mouth of a
patient can facilitate the use of that light-therapy apparatus
optionally with one or more of a wide variety of intra-oral
orthodontic devices. For example, orthodontic appliances,
such as those disclosed herein, can be provided as intra-oral
orthodontic devices and employed in the present apparatuses
or methods. In other embodiments, a portion of light-therapy
apparatus 20 can be disposed within a mouth of a patient, to
assist in securing or positioning light-therapy apparatus 20 on
a patient’s face or head. For example, bite wings or an intra-
oral tray which is supported in position by having a patient
hold the intra-oral tray between her or his upper and lower
teeth can be coupled to light-therapy apparatus 20 to assist in
retaining or supporting the apparatus. An example of a suit-
able intra-oral tray is described in PCT publication numbers
W02009/000075 and WO 2006/087633, both of which are
incorporated by reference herein in their entirety. In some
embodiments, an intra-oral device can comprise one or more
light sources or be capable of intra-orally administering light
to a region. In some embodiments, light can be administered
to a region intra-orally or extra-orally or both. In other
embodiments, light is administered to a region only extra-
orally, and is not administered to a region intra-orally. In some
embodiments, light can only be administered to a region
transdermally through the skin of the patient.

FIG. 9 shows an illustrative light-therapy apparatus 2 that
comprises an extra-oral light source 4 having a right side 1
and a left side 3 (as viewed from the front of the apparatus), an
extra-oral bridge 5, and an intra-oral tray 7. Intra-oral tray 7
registers to a patient’s teeth. A light source 4 is rigidly con-
nected to intra-oral tray 7 by extra-oral bridge 5. Alterna-
tively, some flexibility can be provided between the intra-oral
tray and the extra-oral bridge. Therefore, a patient can posi-
tion a light source 4 accurately and repeatedly to illuminate a
desired location in the patient’s dental or maxillofacial areas
by inserting intra-oral tray 7 into his or her mouth and biting
intra-oral tray 7 so that it registers to at least some of the
patient’s teeth. This stabilizes light-therapy apparatus 2 and
positions a light source 4 at a desired position. The consistent
alignment and targeting of light from the light source 4 during
subsequent treatments makes the treatments more repeatable.

Inthe illustrated embodiment, extra-oral bridge 5 is remov-
able from an extra-oral light source 4 and intra-oral tray 7.
Providing a light-therapy apparatus 2 having major compo-
nents that are detachably connectable to one another adds
versatility. A design which permits the major components of
the light-therapy apparatus to be disassembled and reas-
sembled while preserving alignment of extra-oral light source
4 to intra-oral tray 7 has the advantage that the apparatus can
be disassembled for storage or transportation and then used
immediately after assembly. FIG. 11 shows light-therapy
apparatus 2 with extra-oral light source left side 3 detached
from extra-oral bridge 5.
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Extra-oral bridge 5, extra-oral light source right side 1, and
extra-oral light source left side 3 can be secured together via
a suitable connector. For example, extra-oral bridge 5, the
extra-oral light source right side 1, and the extra-oral light
source left side 3 can be connected by inserting male connec-
tor portions 6A of the extra-oral light source right and left
sides 1 and 3 into corresponding female connector portions
8A of extra-oral bridge 5 (see FIG. 11). Suitably, the suitable
connector allows extra-oral light source right and left sides 1
and 3 to be detached from extra-oral bridge 5 for ease of use
and flexibility.

In some embodiments, extra-oral light source right and left
sides 1 and 3 are rotatable between a sagittal orientation (as
shown in FIG. 9) and a vertical orientation (indicated in
dotted outline in FIG. 9). Light source right and left sides 1
and 3 can be locked at a desired angle of rotation by any
suitable mechanism. This permits light source right and left
sides 1 and 3 to be arranged so that the light that they emit
fully covers the desired treatment areas.

Intra-oral tray 7 can be connected to extra-oral bridge 5 by
way of another suitable connector. In the embodiment illus-
trated in FIG. 13, a male portion 6B of intra-oral tray 7 is
removably received in a female portion 8B of extra-oral
bridge 5. Where intra-oral tray 7 is removable from extra-oral
bridge 5, extra-oral bridge 5 can be reused for other patients
(after suitable sterilization). Intra-oral tray 7 can be disposed
of after it is no longer required by a patient. In some embodi-
ments, extra-oral bridge 5 is non-removably attached to intra-
oral tray 7.

Intra-oral tray 7 can be inserted into a patient’s mouth and
can be suitably shaped to fit around a patient’s teeth. Intra-
oral tray 7 can register with a few selected teeth (for example,
intra-oral tray 7 can comprise a bite tab) or can fit around the
patient’s full set of teeth. In one embodiment, the intra-oral
tray 7 comprises a frame of a plastic or other suitable material
that can serve as a skeleton for a settable material. The intra-
oral tray frame can be perforated to aid retention of the set-
table material. The intra-oral tray frame can comprise extra-
oral bridge 5 or a connector to connect to extra-oral bridge 5.
The intra-oral tray can be optionally provided, and other
securing means for an extra-oral bridge can be provided. For
example, frames, as described elsewhere herein, can support
an extra-oral bridge or extra-oral light source relative to the
patient’s face.

Prior to being used in the administration of light, a frame
for intra-oral tray 7 can be filled with a suitable settable
material (for example a clear vinyl siloxane gel or similar
material) which sets around the patient’s teeth and subse-
quently allows repeatable alignment of intra-oral tray 7 in the
patient’s mouth. Where intra-oral tray 7 could be in the path
oflight as it travels from light source 4 to selected tissues, the
material of intra-oral tray 7 should be transparent to the light.

Extra-oral bridge 5 can conform around the jaw line of a
patient. The light source right and left sides 1 and 3 can be
respectively positioned on the right and left sides of a
patient’s face along the patient’s jaw line. Extra-oral bridge 5
can be adjustable to permit alignment of light source left and
right sides 1 and 3 with selected areas to be irradiated. Light
source left and right sides 1 and 3 are extra-oral (outside of the
patient’s oral cavity). Light can pass from left and right sides
1 and 3 through tissues of the patient’s lips and cheeks into
selected areas on the patient’s gums or in the patient’s jaws.
Light can be administered transcutaneously through the
patient’s face to any region as disclosed herein.

In some embodiments, one or more light source 4 emits
light toward the patient. Any light source, with any configu-
ration of light emitters as described anywhere else herein can
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be used. In some embodiments, a light source 4 has an inner
surface 13 (see FIG. 12) that is placed near or against the
patient’s skin adjacent to the tissues that it is desired to treat.
In some embodiments, one or more light source can contact
the patient’s face. The one or more light source can contact
the portion of the face overlying a desired region. Light is
emitted is from inner surface 13 toward the area of treatment.
In some embodiments, left and right sides 1 and 3 of light
source 4 each have a length similar to a significant fraction of
the length of a human jaw. For example, left and right sides 1
and 3 can each have a length of about 20 mm to about 90 mm
in some embodiments and about 25 to about 45 mm or about
60 mm in some embodiments. A light source can have any
other dimensions, including those disclosed herein. In cases
where a light source 4 is intended to treat or prevent a local-
ized condition, then light source 4 can be smaller in extent. In
some embodiments, light source 4 has optics that emit light in
the form of diverging beams. The light source is usable with
optics as described anywhere above. In such cases, light
source 4 can be somewhat smaller than the area of tissues to
be treated because light from light source 4 can diverge as it
passes through the tissues of the patient’s lips and cheeks
before reaching the tissues of the jaw and or gums.

Light source 4 can be wide enough to irradiate both upper
and lower jaws of a patient simultaneously although in some
embodiments light source 4 can be narrower. For example,
light source 4 has a width in the range of about 12 mm to about
40 mm in some embodiments (e.g. about 15 to about 17 mm
in some embodiments). In some embodiments, a light source
irradiates only an upper jaw or a lower jaw, or portions
thereof.

While the invention is described herein as usefully employ-
ing LEDs, other light emitters such as lasers could suitably be
employed. The character of the light emitted by light source
right and left sides 1 and 3 will depend upon the nature of the
LEDs or other light emitters in light source 4. It is generally
desirable that the emitted light include light in the wavelength
range of 620 nm to 1000 nm. In some embodiments the
emitted light includes light having a wavelengthinat least one
of the following wavelength ranges: about 820 to about 890
nm or about 620 to about 680 nm. In some embodiments, light
having a wavelength in the ranges of about 820 to about 890
nm and about 620 to about 680 nm can be provided. Light
having wavelengths corresponding to or falling within one or
more of the following ranges can be particularly effective:
about 613 nm to about 624 nm, about 667 nm to about 684
nm, about 750 nm to about 773 nm, about 812 nm to about
846 nm, or any other wavelengths described elsewhere
herein. The range about 613 nm to about 624 nm corresponds
to a band at which reduced cytochrome ¢ oxidase absorbs
light. The range about 812 nm to about 846 nm corresponds to
aband at which oxidized cytochrome ¢ oxidase absorbs light.
Light sources can be configured to provide light of any other
wavelength as described anywhere above.

FIGS. 14 and 15 show a light-therapy apparatus 202A
having a head-set style arrangement. Light-therapy apparatus
202A comprises a head-set 217 and at least one extra-oral
light source 219 mounted to head-set 217 by way of a suitable
connector 221. Head-set 217 can have the general form of a
frame for eyeglasses. In the illustrated embodiment, headset
217 has arms 227 that fit above and around the patient’s ears
and a frame 229 that fits over the bridge of the patient’s nose.
Head-set 217 can also include lenses (not shown). Suitably,
the lenses can be made of a material that blocks radiation at
wavelengths emitted by light source 219 so that the patient’s
eyes are protected from the radiation. Light source 219 can
comprise an array of LEDs or other light emitters.
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When head-set 217 has been adjusted to fit an individual
patient, frame 229 registers with the bridge of the patient’s
nose and arms 227 sit on the patient’s ears. Head-set 217 is
configured to sit on the patient’s head in the same way each
time it is put on. Head set 217 can be adjusted for fit by
adjusting arms 227 which can be made of a firm, resilient
material that allows for some flexibility for a better and more
secure fit for individual users. In some embodiments, arms
227 can also be adjusted horizontally along their axis. Frame
229 can also be adjustable, for example, by bending to allow
for a better and more secure fit. An elastic keeper such as an
elastic strap can be provided to hold head-set 217 in place
during use.

In the embodiment shown in FIG. 16, connector 221 per-
mits the position of light source 219 to be adjusted both along
a horizontal axis 230A and a vertical axis 230B relative to
head-set 217. A yoke 231A is mounted to head-set 217 by
screws 231B which pass through slot 231C. The position of
light source 219 in horizontal direction 230A can be adjusted
by loosening screws 231B, sliding yoke 231A to a desired
position along slot 231C and retightening screws 231B. Light
source 219 is connected to arms 231D of yoke 231A by
screws 231E which pass through slots 231F. The vertical
position of light source 219 can be adjusted by loosening
screws 231E, sliding light source 219 up or down along slots
231F to a desired vertical position and then retightening
screws 231E. Any other mechanism, including those
described elsewhere herein, can be used to allow the light
source position to be altered vertically or horizontally.

In the illustrated embodiment slot 231C is curved when
viewed from above. Slot 231C generally follows the curva-
ture of a typical maxillary bone such that light source 219 can
effectively be applied against the patient’s skin for a range of
positions of light source 219 along slot 231C. Since the lower
portions of people’s faces are typically narrower than upper
portions, connector 221 can hold light source 219 so that it is
tilted with its lower edge projecting more in the direction of
the patient than its upper edge. In some embodiments the
angle of tile of light source 219 is adjustable. Head-set 217
can be adjusted so that light source 19 is biased against the
patient’s face when head set 217 is being worn by a patient.
When the apparatus is in use, the light source can be contact-
ing the patient’s face. The light source can contact the region
of the face overlying the region, thereby administering light
transdermally to the region.

Many alternative designs for connector 221 can be pro-
vided. For example, connector 221 can comprise a bar, rod or
similar device that can be clamped or otherwise fastened to
head-set 217 and a clip or similar mechanism that fastens light
source 219 to the bar, rod or similar device.

As shown in FIG. 17, in some embodiments light source
219 can be removably detached from headset 217. This can be
convenient for storage or transportation of light-therapy
apparatus 202A. When the apparatus is in use, the light source
can contact a patient’s face.

In another embodiment, head-set 217 comprises an adjust-
able strap (not shown) which fits around the crown of a
patient’s head for securing the extra-oral light-therapy appa-
ratus 202 A. The adjustable strap can also fitaround a patient’s
chin and extend back to the crown and around the crown of a
patient’s head. The adjustable strap can be made of a flexible,
elastic woven material.

FIG. 18 shows a light-therapy apparatus 234 comprising at
least one light source 235. Light source 235 comprises at least
one light emitter, for example an LED array, mounted on a
thin molded substrate 251 (FIG. 19). More than one array of
light emitters can be provided in light source 235. For
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example, the light source 235 shown in FIG. 18 has two arrays
of LEDs. Arrays 36 of light emitters can be arranged in lower
level 245 and an upper level 247. The upper and lower levels
can be separately controlled. The upper and lower levels
respectively irradiate tissues of the upper and lower jaws. An
attaching means 243 is provided for securing the apparatus to
the area of treatment.

A power source and controller, which can comprise a pro-
grammable controller 215 as described above, operate light
source 235 to emit light according to a desired protocol.

In the illustrative apparatus 234 shown in FIG. 18, light
source 235 has a right section 237, a center section 239 and a
left section 241. Right section 237 and the left section 241 are
respectively supported on the right and left sides of'a patient’s
face. One or more light sources can contact a patient’s face
when the apparatus is worn by the patient. A light source 235
as shown in FIG. 18 can be supported by way of any suitable
attaching means including: a head-set 217 as described
above; an intra-oral tray 7 which can comprise a full tray or
one or more bite tabs as described above; an adhesive such as
double-sided adhesive tape; a strap or set of straps; or sup-
porting or attachment mechanisms.

The LED arrays can be removably attached to light source
235 by suitable connectors 238 such as ribbon connectors or
can be more permanently integrated into light source 235 as
illustrated in FIG. 19. Providing removable, repositionable
LED arrays on a light source 235 permits LED arrays to be
arranged on light source 235 so as to optimally illuminate
selected tissues. LED arrays can be concentrated to illuminate
selected tissues while areas of light source 35 that overlie
non-selected tissues do not need to have any LED arrays.

FIG. 20 shows a cross-section of an LED array 236 of
external light-therapy apparatus 234 detached from substrate
251. A clip or similar attaching means 253 allows the at least
one LED array 236 to be mounted onto substrate 251. Sub-
strate 251 can serve as a heat sink as described above. Sub-
strate 251 can be made of aluminum or similar metal that is a
good heat conductor. Substrate 251 can be moldable (i.e.,
flexible in one or two dimensions so that it can be formed to
follow contours of a patient’s face and, once formed, retains
its shape).

Hinge-like members 249 can be provided between arrays
236 to allow light source 235 to be bent to provide a better fit
around the facial area. Hinge-like member 249 can comprise
a thin crease 250 or other bend line set into the substrate
material, as illustrated in FIG. 19. Hinge-like member 249
allows the center section 239 to fit around a patient’s mouth
and the right section 237 and the left section 241 to fit around
a patient’s face.

The apparatus can be applied by fitting a support to a
patient. The support can comprise a head-set, intra-oral tray,
a bite tab, one or more straps, one or more nose piece, one or
more ear piece, or any other support or attachment mecha-
nism. When the support has been fitted so that it can be
repeatably worn by the patient one or more light sources can
be attached to the support at locations where light from the
light sources can illuminate a treatment area.

A treatment regimen can then be established. The physi-
cian, dentist, or therapist at her or his office or a patient at her
or his home can optionally employ the apparatus in one or
more methods of the invention.

Other embodiments, configurations, components, steps, or
features can be incorporated in the invention. See, e.g., U.S.
Patent Publication No. 2007/0248930 and U.S. Patent Publi-
cation No. 2006/0200212, which is hereby incorporated by
reference in its entirety.
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To calibrate light-therapy apparatus, a sensor useful for
measuring reflectance (not shown) can be provided at a loca-
tion that will be adjacent the skin of a patient when light-
therapy apparatus is in the use position. The sensor can mea-
sure the reflectance of light from the skin of the patient, and if
the value measured is outside a predetermined range (e.g.
because light-therapy apparatus has been displaced from a
patient’s head), the sensor can automatically pause a treat-
ment or the emission of light from light source. Pausing
treatment or the emission of light if light-therapy apparatus is
displaced from a patient’s head can minimize the risk of
accidental injury, e.g., due to exposure of a patient’s eyes to
light from light source.

In some embodiments, depending on a signal from the
reflectance sensor, a controller can determine whether one or
more light characteristic is to be maintained or adjusted (e.g.,
increased or decreased). Light characteristics can include, but
are not limited to, light intensity, light wavelength, light
coherency, light range, peak wavelength of emission, conti-
nuity, pulsing, duty cycle, frequency, duration, or whether a
light emitter is on or off.

The light source can be configured to emit light that is
substantially monochrome in some embodiments, although
this is not mandatory. Providing light emitters that emit at
multiple wavelengths allows for irradiation over multiple
wavelengths for greater biological activity and greater selec-
tivity and precision in administration. The light source can
emit incoherent light, although this is not mandatory. In some
examples, light can be provided at a single frequency, light
can have a phase that drifts quickly, pulse of light waves can
have an amplitude that changes quickly, or a light wave with
abroad range of frequencies can be provided. The light can be
administered continuously or pulsed at suitable frequencies
and duty cycles. The light source can be configured to admin-
ister any of these light characteristics as described anywhere
above.

In some embodiments a light source emits light that
includes infrared light, and the light source also emits light
that includes bright visible light. The bright visible light
deters users from looking into light source 30 when it is
operating, provides a perceptible indication that the apparatus
is operating, and can be useful in properly positioning the
light-therapy apparatus 20. The visible light can be, but is not
necessarily, in a wavelength range that is beneficial for light
therapy. In some embodiments, the ratio of the intensities of
the visible and infrared components of the light is 1 part or
less visible light to 5 parts or more infrared light. In some
embodiments, a light source can comprise light emitters emit-
ting light over a range of wavelengths. In some embodiments,
the range can include wavelengths less than an order of mag-
nitude. Alternatively, the range can include wavelengths
emitted at one, two, three or more orders of magnitude.

FIG. 6 illustrates an example of a programmable controller
50 of a type that can be used to control the operation of
light-therapy apparatus 20. Although controller 50 is
described in this exemplary embodiment as being program-
mable, itis not necessary that controller 50 be programmable.
For example, a controller can have controls that allow various
parameters to be set, such as light wavelength, light intensity,
light pulsing, light duty cycle, light frequency, or light dura-
tion, and can appropriately activate light emitters of one or
more light sources 30 in response to an appropriate signal. A
controller can control light emissions with any light charac-
teristics, which can include those described anywhere above.
Each of the light sources, e.g. light sources 30A-30H shown
in FIG. 2, can be regulated independently by one or more
controllers 50. A physician, dentist, orthodontist, therapist,
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technician or other professional can set those controls or
program controller 50 so that an appropriate treatment is
delivered when a patient initiates delivery of the treatment.
Alternatively, the patient who is receiving the treatment might
set controls. In some embodiments, the controls can include
preset programs that can be suited to particular situations. In
other embodiments, one or more parameter can be individu-
ally adjusted or entered.

In some embodiments, as shown in FIG. 6, a program-
mable controller can be a handheld device. Alternatively, the
programmable controller can be part of another device or in
communication with another device, such as a computer,
which can include a personal computer, server computer, or
laptop computer; personal digital assistants (PDAs) such as a
Palm-based device or Windows CE device; phones such as
cellular phones or location-aware portable phones (such as
GPS); a roaming device, such as a network-connected roam-
ing device; a wireless device such as a wireless email device
or other device capable of communicating wireless with a
computer network; or any other type of network device that
can communicate over a network. Any discussion herein of
computers or any other devices can apply to other devices,
including controllers. A device can have a memory that can
include tangible computer readable media that can include
code, logic, instructions to perform any steps, calculations,
algorithms, or execute programs or pre-stored instructions.

Programmable controller 50 can be a separate, remote unit
or can be directly connected to or integrated with a light
source 30. The programmable controller can connected to or
integrated with any portion of the light-therapy apparatus,
which can include a local controller, actuation mechanism,
frame, or any other part of the controller.

A cable 52 can be provided to connect light-therapy appa-
ratus 20 to programmable controller 50, a source of electricity
for light source 30, or a suitable heating or cooling system. In
some embodiments, wired communication can be provided
between the programmable controller and the light-therapy
apparatus. In other embodiments, the programmable control-
ler and the light-therapy apparatus can communicate wire-
lessly. Examples of wireless signals can include, but are not
limited to, radio-frequency (e.g., RFID) signals, bluetooth, or
control-area-network (CAN) messages.

In some embodiments, controller 50 can comprise a micro-
processor, data store, power supply, clock and associated
electronic circuitry. A power source can include an external
power source or an internal power source. For example,
power can be provided by an electric plug. The plug might be
in communication with a grid/utility, generator, or energy
storage system. In some embodiments, the power source
might be a renewable power source. The power source can be
an energy storage system, such as a battery, ultracapacitor, or
fuel cell. In some embodiments, the power source can be
portable.

Control parameters are stored in the data store. A controller
can comprise a memory that can include tangible computer
readable media that can include code, logic, instructions to
perform any steps, calculations, algorithms, or execute pro-
grams or pre-stored instructions. Programmable controller 50
operates light source 30 according to the parameters in the
data store. The parameters can specify one or more of: treat-
ment duration; wavelength or wavelengths of light emitted by
light emitters 38; light intensity of particular wavelength or
wavelength ranges during the treatment; whether light emit-
ters 38 operate continuously or are pulsed; if light emitters 38
are pulsed, the rate at which light emitters 38 are pulsed; if
light emitters 38 are pulsed, the duty cycle at which light
emitters 38 are pulsed, light coherency of the light emitters
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38, or any other light characteristic as described anywhere
above. The light emitters within the same light source can
have the same light parameters. Alternatively, there can be
light emitters of different light parameters within the same
light source.

If light-therapy apparatus 20 has sets of light emitters 38
having different characteristics (e.g. sets of LEDs that emit
light at different wavelengths or sets of light sources 30 that
illuminate selected tissues in different locations) then sepa-
rate control parameters can be provided for different sets of
the light emitters 38 or light sources 30. In some embodi-
ments, different sets of parameters are specified for different
segments (intervals) of a light treatment. For example, light
therapy treatments can be defined for a set of intervals each
lasting from a few seconds to a few hundred seconds or a
fraction of an hour. Different parameters can be specified for
each of the intervals. The intervals are not necessarily equal in
length. In some embodiments, a clock of a controller can
assist in determining whether a predefined time interval has
passed.

In some embodiments, different sets of parameters can be
specified for different areas of light-therapy apparatus 20. In
some cases, some light sources 30 of light-therapy apparatus
20 can be turned off because the treatment plan for a patient
does not require light of particular wavelength or light at all
wavelengths to be administered at locations corresponding to
those parts of the light-therapy apparatus 20. For example,
with reference to FIG. 2, programmable controller 50 can be
programmed such that only light sources 30A, 30B, 30C and
30D are activated for a particular treatment regime in which it
is desired that light therapy be administered only to a patient’s
upper teeth. Alternatively, programmable controller 50 can be
programmed such that only light sources 30A, 30D, 30E and
30H are activated for a particular treatment regime in which it
is desired that light be administered only to a patient’s molars.
Various other combinations and permutations of the activa-
tion of various light sources disposed about light-therapy
apparatus 20 in any suitable configuration can be devised and
implemented, depending on the desired application. In some
embodiments, light-therapy apparatus 20 is configured (i.e.
light sources 30 are positioned and oriented) so as to provide
substantially uniform illumination of substantially the entire
maxillary and mandibular alveolar bone or teeth of a patient.
The light-therapy apparatus can be configured to provide
substantially uniform illumination to other regions of the
patient. The regions can optionally be limited to alveolar bone
or basal bone.

A physician, dentist, orthodontist, therapist, assistant,
technician, or other professional can program a patient’s
treatment regimen into programmable controller 50. This can
be done, for example, with the aid of suitable software run-
ning on a computer that is in data communication with pro-
grammable controller 50 or by way of a suitable user interface
built into programmable controller 50. In some embodiments,
programming a treatment regimen can include specifying
desired values for one or more parameter of light treatment.
Programming a treatment regiment can also include specify-
ing timing associated with the one or more parameters of light
treatment. For example, a treatment regimen can be pro-
grammed so that for the first several minutes, light is provided
at a first wavelength, and for the next several minutes, light is
provided at a second wavelength. In some embodiments,
default values can be provided. A user can be ableto adjust the
default values to create a customized light treatment regimen.
In other embodiments, no default values are provided and a
user can enter different parameter values.
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Programmable controller 50 can have one or more pre-set
programs built in. As an alternative to, or as an aid to pro-
gramming controller 50, the physician, dentist, orthodontist,
therapist or other professional can select a pre-set program
that is appropriate for controlling light-therapy apparatus 20
to administer light to a patient. Such pre-set programs can be
provided for particular types or stages of orthodontic treat-
ment. In some embodiments, a pre-set program can be
selected, and a user can modify the pre-set program as
desired. For example, a user can be able to deviate from a
pre-set program by adjusting any of the following: timing,
light wavelength, light intensity, light pulsing or continuous,
light duty cycle, light frequency, which lights are on or off,
location of light source, or any other parameter that is dis-
cussed elsewhere herein.

In some embodiments, a program can be determined prior
to using the light-therapy apparatus. For example, after a user
has created or selected a program, the light-therapy apparatus
can be used, and one or more light source can emit light. In
some embodiments, once a program is being implemented or
alight-therapy apparatus is in use, the light treatment regimen
is not be altered. In other embodiments, a light treatment
regimen can be altered while the light-therapy apparatus is in
use. For example, while light is being emitted, the light inten-
sity can be adjusted, the light pulsing or continuous charac-
teristics, the light wavelength, light selection, or location of
the light source relative to a patient’s face can be adjusted.
The treatment regimen can be adjusted via the controller or a
device in communication with the controller. In some
embodiments, a patient wearing a light-therapy apparatus can
adjust the treatment regimen. In other embodiments, physi-
cian, dentist, orthodontist, therapist, technician, assistant, or
other professional can adjust the treatment regimen.

A user can interact with a user interface to program a
controller, select a program or adjust a value of a program.
Any user interface known in the art can be utilized. For
example, a programmable controller can include one or more
button, pointing device (e.g., mouse, joystick, trackball), key-
board, switch, knob, dial, touchscreen, or video display. The
user interface can be provided to the controller directly, or can
be provided to a device (e.g., computer) that can be in com-
munication with the controller. A controller can include a
display that can provide information to the user about selected
parameters, timing or pre-set programs.

Programmable controller 50 can maintain a log of treat-
ments that have been administered. For example, controller
50 can log the date and time that each treatment was initiated,
the duration of the treatment, and whether or not the treatment
was completed. The date and time can be logged based on a
clock associated with the programmable controller. One or
more timestamp can be provided indicating timing. The log
can indicate parameters associated with the treatment. The
log can be stored within a memory of the programmable
controller. Alternatively, the log can be stored within a
memory of a device in communication with the program-
mable controller, such as a computer.

The log can be accessed by a user to view log data. In one
embodiment, the log can be accessed by a dentist, physician,
orthodontist, technician, or patient who uses the light-therapy
apparatus. A user can access the log directly from a controller
or a device in communication with the controller. A user can
access the log from any device that can be in communication
with a device that stores the log data. The controller or devices
can communicate directly with one another or over a network.
The network can include a local area network, or a wide area
network, such as the Internet.
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This log can be subsequently reviewed by a dentist, phy-
sician, orthodontist or other medical professional to evaluate
whether or not the patient has complied with a prescribed
treatment regimen. The log can be displayed to a screen or
other video display of a device. The log can track the times
and durations of light therapy treatments administered by
light-therapy apparatus 20 and can also track other features
such as operating temperatures, operational status, treatment
parameters, timing, or any combination thereof.

In some embodiments, a programmable controller 50 has a
button or other suitable user patient interface that allows a
patient to initiate a treatment according to previously-set
parameters in the data store. In some embodiments, the
patient interface is very simple such that minimal instruction
is required to explain to a patient how to use light-therapy
apparatus 20. Programmable controller 50 can include an
audible or visual indicator that generates a signal to remind a
patient that it is time for a treatment (or that a scheduled
treatment is overdue).

In some embodiments, a treatment regimen can be pre-
selected or programmed at the same device (e.g., controller,
computer) through which a patient can initiate a treatment.
Alternatively, a treatment regimen can be pre-selected or
programmed at a different device (e.g., controller, computer)
through which a patient can initiate a treatment. In some
embodiments, communications can be provided between the
controller and another device (e.g., computer) that can allow
one or more treatment program to be delivered to the control-
ler. In some embodiments, two-way communications can be
provided between the controller and another device. In other
embodiments, one-way communications can be provided
from the other device to the controller or vice versa.

A patient can use light-therapy apparatus 20 at home or in
another location by operating programmable controller 50 to
initiate delivery of a treatment. The patient can use the light-
therapy apparatus while at an appointment with a medical
professional, or at a laboratory or clinic. Alternatively, a
patient can use this apparatus while not at an appointment
with a medical professional, or at a laboratory or clinic. The
patient can use this apparatus while the patient is mobile or
traveling.

Programmable controller 50 can comprise circuitry that
monitors temperature at one or more locations in light source
30. The circuitry can monitor a signal modulated by a tem-
perature sensor in light source 30. In some embodiments, the
temperature sensor can be a thermocouple, thermistor, or
resistance temperature sensor (RTD). In other embodiments,
programmable controller 50 can monitor e.g. the current and
voltage driving light emitters (e.g., LEDs, lasers) in light
source 30. The current/voltage relationship can be tempera-
ture-dependent. Thus, by monitoring the current/voltage rela-
tionship programmable controller 50 can determine whether
the light emitter (e.g., LED, laser) is at an undesirably high
temperature. A temperature sensor can also be used to deter-
mine whether a light source or light assembly, or any com-
ponent thereof is at an undesirably high temperature. Further-
more, the temperature sensor can determine whether a light
emitter, light source, or light assembly has an undesirably low
temperature. A temperature sensor can be used to determine
whether any part of a light-therapy apparatus falls within a
desired temperature range.

Programmable controller 50 can shut off or reduce current
to any particular light source (e.g. one or more of light sources
30A-30H) when it detects that the temperature of that light
source is undesirably high (or is trending towards being unde-
sirably high). The programmable controller can also shut off
or reduce current to any particular light emitter (e.g., one or
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more light emitter can be provided for a light source) if the
controller detects that the temperature at that light emitter is
undesirably high. Alternatively, the programmable controller
can shut oft or reduce current to a group or subgroups of light
emitters or light sources if the temperature of a particular light
emitter or light source is too high. For example, the program-
mable controller can shut off or reduce current to all light
sources if a temperature is too high.

If light-therapy apparatus 20 is provided with a cooling
apparatus, controller 50 can increase the operation of the
cooling apparatus when it detects that the temperature of light
source 30 is above a desired level. If increasing operation of
the cooling apparatus does not bring the temperature of a light
source or light emitter or any other portion of a light-therapy
apparatus to a desired level, one or more light emitters or light
sources can be shut off or reduced.

Shut-off or current reducing steps can occur automatically
when a temperature threshold is reached. In some embodi-
ments, a user can define the temperature threshold. In other
embodiments the temperature threshold can be pre-set. In
some embodiments, an alarm or alert can be provided when a
temperature threshold is reached, and a user can manually
shut off or reduce current to a light source or light emitter. In
some embodiments, a temperature measurement can be dis-
played to a user.

FIG. 21A is a perspective view of a light-therapy apparatus
in accordance with another embodiment of the invention. The
light-therapy apparatus can optionally have one or more ear
pieces 2100 configured to fit around the patient’s ear. The
length of the ear pieces can be adjustable relative to the frame
82. In some embodiments, an ear switch 2106 or mechanism
can be used to allow the ear piece to adjust relative to the
frame. In some embodiments, a vertical portion 2102 of the
frame can extend downwards from the frame. A support arm
88 can extend downwards from the vertical portion of the
frame. In some embodiments, the support arm is adjustable
relative to the vertical portion of the frame. The support arm
can move up or down relative to the vertical portion of the
frame. A support switch 2104 or other mechanism canbe used
to allow the support arm to adjust relative to the vertical
portion of the frame. A vertical hinge 89 can connect to a
secondary support 2112 that can slide along the support arm
inatrack 85. A screw 2114 or other mechanical feature can be
used to maintain or adjust the position of the secondary sup-
port relative to the track. The screw can be loosened to allow
the secondary support to slide along the track 85 or tightened
to keep the secondary support in place. In some embodiments,
an upper vertical hinge 89a can be provided above the sec-
ondary support and alower vertical hinge 895 can be provided
below the secondary support. One or more light source 81 can
be provided on the vertical hinge. In some embodiments, at
least one light source is provided on the upper vertical hinge
89a and at least one light source is provided on the lower
vertical hinge 895. The light source can slide up and down the
vertical hinge, or rotate on a vertical axis relative that is
parallel to the vertical hinge. In some embodiments, a screw
2116 or other mechanical feature can be used to maintain or
adjust the position of the light source relative to the vertical
hinge. The screw can be loosened to allow the light source to
slide or rotate relative to the vertical hinge, or tightened to
keep the light source in place. One or more wire 2108 can be
connected to alight source 81. The wire conveys signals to the
light sources to control the light emitted from the light source.
A wire 2110 can connect the head set to a controller 2206. The
wire can provide electrical signals that can provide power to
the light source, or instructions on when specific light sources
should be on or off.
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FIG. 21B shows a close up of an example of how a light
source is supported in the light-therapy apparatus. A second-
ary support 2112 can be positioned along a track 85 on a
supportarm 88. A screw 2114 or other mechanical feature can
allow the secondary support to maintain or adjust its position
along the track. In some embodiments, a support arm can
have one or more ridges 2120 along the length of the track.
The ridges can allow the secondary support to slide or snap
into certain positions along the length of the track. One or
more vertical hinge 89a, 895 can extend from the secondary
support. In some embodiments, a vertical hinge can extend
upwards 89a or can extend downwards 895 from the second-
ary support. Alternatively, a vertical hinge can extend
upwards only, or downwards only. One or more grooves 2118
or indentations can be provided on the vertical hinge. The
grooves can provide positions for a light source to be affixed
to the vertical hinge.

FIG. 22A shows an obverse view of a controller 2206 in
accordance with another embodiment of the invention. The
controller can have a power button 2200. The controller can
have one or more display screen 2202. The display screen can
have one or more indicia 2204. The indicia can be of time,
battery level, wavelengths of light, settings, intensity, or any
other information associated with the operation of a light
therapy apparatus. FIG. 22B shows a reverse view of the
controller. The controller can have a clip 2110 that allows a
patient to clip the controller onto an article of clothing. The
controller can also have one or more wire connector 2212 can
connect to the light therapy apparatus or one or more power
source.

Another aspect of the invention further provides for a light
therapy kit comprising a light-therapy apparatus as described
herein and instructions for use in the present methods. The kit
can further comprise a light source that is separate from the
light-therapy apparatus. The light sources can be disposable,
so that they can be easily replaced after a given amount of use.
In some embodiments, a light-therapy apparatus and light
sources can be individually packaged or can be packaged
together.

The kit can also comprise a programmable controller as
described herein. The kit can further comprise any Compo-
nents useful for the controller to operate. For example, the kit
can comprise a component to power the controller or light-
therapy apparatus. The kit can also comprise a component
that allows the controller to operably connect with a light-
therapy apparatus.

The kit can also comprise software, an algorithm, or a set of
computer readable media that can provide instructions to a
controller. The software, algorithm, or set of computer read-
able media can be provided on a memory medium. The
memory medium can be a removable or portable, such as a
CD, USB flash drive, or external hard drive.

The kit can be conveniently packaged and can be commer-
cially available. The kit can also include written instructions
for use or maintenance of items therein.

In use, a physician, dentist, orthodontist, therapist or other
professional can program a patient’s prescribed treatment
regimen into a programmable controller 50 (see FIG. 6, for
example). Programmable controller 50 controls parameters
of a light therapy treatment to be administered by light-
therapy apparatus 20. For example, controller 50 can control
the duration of the treatment, wavelength or wavelengths of
light administered, light intensity, pulse frequency, or any
other light or treatment characteristics. Programmable con-
troller 50 runs a patient’s prescribed treatment regimen caus-
ing the at least one light source 30 to emit pulsed or continu-
ous light of specified wavelengths according to the prescribed
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parameters onto the treatment area of a patient’s maxillary or
mandibular alveolar bone. The treatment area can include any
other regions discussed elsewhere herein. This can include
alveolar bone, basal bone, or teeth. Light can be administered
mostly only to the treatment area. Light-therapy apparatus 20
can provide effective, stabilized repeatable, accurate, pro-
grammable, and consistent light therapy for a desired treat-
ment to specifically administer light of a desired wavelength
or wavelengths to a particular treatment region at a substan-
tially uniform intensity. Scattering of light as it enters a
patient’s soft tissues can also cause the beam of light to
diverge, resulting in uniform illumination of the patient’s soft
or hard tissue.

In accordance with another aspect of the invention, a light-
therapy apparatus can be used in a method of administering
light to a region of a patient’s oral tissue. The method can
include providing a light-therapy apparatus comprising a sup-
port sized and shaped to engage with features of the patient’s
face and one or more light source supported by the support,
engaging the support with one or more features of the
patient’s face, determining whether the position of one or
more light source needs to be adjusted in order to administer
a desired intensity of light to the region, depending on said
determination, varying or maintaining the position of the one
or more light source, and administering light to the region.

The light-therapy apparatus can optionally be an apparatus
as described in any of the embodiments anywhere above. The
light-therapy apparatus can include a support that can be
engaged with one or more features of the patient’s face. For
example, the light-therapy apparatus can engage with fea-
tures of a patient’s face by conforming to the shape of the
feature, wrapping around the feature, overlying the feature,
grasping the feature, adhering to the feature or providing
pressure or weight to the feature. For example, the light-
therapy apparatus can include an ear-engaging portion that
can wrap around the back of the patient’s ear. In another
embodiment, the light-therapy apparatus can include a nose-
engaging portion that can rest on the bridge of the patient’s
nose.

A method for administering light to a region can also
include determining whether the position of one or more light
source needs to be adjusted in order to administer a desired
intensity of light to the region. Such determination can be
made manually or automatically. For example, the patient or
a medical professional can determine the position of a light
source when the light-therapy apparatus is worn. The patient
or medical professional can determine the relative position of
the light source to a desired region. The light-therapy appa-
ratus comprises one or more sensor. In some embodiments,
the sensor can be a temperature sensor or a reflectance sensor.
In another embodiment, a sensor can determine the relative
position of the light source with respect to the region. Deter-
mining whether a light characteristic needs to be adjusted in
order to administer a desired light to the region can be based
on one or more signal from the one or more sensor.

Depending on said determination, the position of the one or
more light source can be varied or maintained. The position of
the light can be varied manually or automatically. For
example, a patient or medical professional can manually
move a light source. In another embodiment, one or more
actuator can be provided in communication with a controller.
The controller can provide one or more signal to the actuator,
thereby causing the actuator to move or maintain its position.
The light source can be displaced, rotated, or tilted to provide
a desired intensity of light to a region. In some embodiments,
the light source can be pressed against the patient’s face above
the region, and the position of the light source can be set to
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that location. In some embodiments, after the position of a
light source is adjusted, the light source can remain at that
position in the absence of any outside force. In some embodi-
ments, a light source can be locked into a position after it is
adjusted, so that the light source can remain in that position
even if a force is exerted on it.

In some embodiments, after a light has been set to a desired
position, the method can include administering light to the
region. In some other embodiments, light can be administered
before or while the light is being set to a desired position. In
some embodiments, a light-therapy apparatus can be engaged
with the patient, the light source can be positioned, and the
light can be administered without removing the light-therapy
apparatus from the patient. In some embodiments, the light-
therapy apparatus can be engaged with the patient, the light
source can be positioned, and the light-therapy apparatus can
be removed from the patient. This can be a series of steps for
fitting the light-therapy apparatus to the patient. The light-
therapy apparatus can subsequently be re-engaged with the
patient and light can be administered to the patient. This can
include steps for administering the light to the patient, after
fitting the light-therapy apparatus to the patient. The light
sources can already be positioned to administer light to the
region. In some embodiments, light can be administered to
the patient on multiple occasions following a single fitting.

In some embodiments, the method can include varying the
position of one or more light source by adjusting the position
of the light along the length of the support. The method the
method can also include varying the position of one or more
light by rotating the light source about an axis. The axis can be
vertical, horizontal, or provided at any other orientation.

In some embodiments, light therapy apparatuses can be
provided which are particularly suitable for intra-oral admin-
istration of light to one or more regions within a patient’s oral
cavity or mouth, such as a region of the patient’s maxillary or
mandibular alveolar bone. An intra-oral light therapy appa-
ratus can incorporate one or more features or components of
one or more embodiment of a light source or light therapy
apparatus described herein. In one embodiment an intra-oral
light therapy apparatus irradiates light having one or more
characteristics of light described above.

Examples of intra-oral light therapy devices can include a
laser beam delivered by an optical fiber to a point of irradia-
tion. In one embodiment, a low-energy laser source, such as a
gallium-aluminum-arsenide laser can be used. See, e.g.,
Kawasaki, et al., “Effects of Low-Energy Laser Irradiation on
Bone Remodeling During Experimental Tooth Movement in
Rats,” Lasers in Surgery and Medicine 26:282-291 (2000);
Cruz, et al., “Effects of Low-Intensity Laser Therapy on the
Orthodontic Movement Velocity of Human Teeth: A Prelimi-
nary Study,” Lasers in Surgery and Medicine 35: 117-120
(2004); Abi-Ramia, et al, “Effects of LowLevel Laser
Therapy and Orthodontic Tooth Movement on Dental Pulp in
Rats,” Angle Orthodontist, 80(1): 116-122 (2010), which are
hereby incorporated by reference in their entirety. Additional
examples of intra-oral light emitting devices include U.S.
Patent Publication No. 2007/0121786, U.S. Patent Publica-
tion No. 2008/0113313, U.S. Patent Publication No. 2009/
0011380, U.S. Patent Publication No. 2009/0323370, which
are hereby incorporated by reference in their entirety.

Other examples of intra-oral light therapy devices can
include an oral tray that fits over one or more tooth or gums.
In another embodiment, an oral tray need not fit over one or
more tooth, but can be contoured to fit within a patient’s oral
cavity. Light from a light source can be transmitted to one or
more teeth, or gum or mucosal tissue overlying one or more
tooth root, via the oral tray. In some embodiments, the tray
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reflects or conveys light from a natural source (e.g., sun) or
man-made source (e.g., lasers, LEDs, or light sources having
any of the characteristics previously mentioned). In some
embodiments, a light source is embedded within the tray or
attached to the tray. In other embodiments, the intra-oral
therapy devices include a cap-like structure that can fit over
one or more tooth, or gum or mucosal tissue overlying one or
more tooth root. The cap-light structure can transmit light
from a distal light source. Alternatively, the cap-like structure
comprises a light source provided therein. In some embodi-
ments, the intra-oral light therapy devices are handheld
devices that can provide or direct light to one or more tooth,
or gum or mucosal tissue overlying one or more tooth root.
The light can be provided from a proximal or distal light
source. In some embodiments, the handheld devices com-
prise or otherwise utilize fiberoptics. The light-providing por-
tion of the handheld device can be held adjacent to a tooth,
gums, or mucosal tissue overlying a tooth root. In some
embodiments, the light providing portion of the handheld
device can be located within a patient’s oral cavity. See, e.g.,
U.S. Pat. No. 2,884,926; U.S. Patent Publication No. 2008/
0255498; U.S. Patent Application No. 2006/0085052; U.S.
Patent Publication No. 2008/0032252, which are hereby
incorporated by reference in their entirety.

In some embodiments, a functional appliance and a light
therapy apparatus are provided separately. Alternatively, a
functional appliance can be integrally combined with a light
therapy apparatus. A functional appliance-light therapy com-
bination apparatus can have one or more removable compo-
nents, or be integrally formed.

In some embodiments, a light therapy apparatus as
described above is useful for administering light intra-orally.
Thus, a light therapy apparatus can be configured to provide
light extra-orally or intra-orally or both. An intra-oral light
therapy apparatus can be used in conjunction with an extra-
oral light therapy apparatus as described above.

In some embodiments, a light-therapy system comprises a
light therapy apparatus and a vitamin D conveyance, config-
ured to deliver an effective amount of vitamin D to the patient.
In some embodiments, the vitamin D conveyance is attached
to the support of the light-therapy apparatus. In some embodi-
ments, the vitamin D conveyance contacts the patient’s face
when the light-therapy apparatus is worn by the patient. The
vitamin D conveyance can be detachable from the support of
the light-therapy apparatus. Alternatively, the vitamin D is not
detachable from the light-therapy apparatus. In other embodi-
ments, the vitamin D conveyance is separate from the light
therapy apparatus.

The vitamin D conveyance can contain vitamin D. In some
embodiments, the vitamin D conveyance contains vitamin
D1, D2, D3, D4, DS, 1,25-dihydroxycholecalciferol, or mix-
tures thereof.

In some embodiments, the vitamin D conveyance is at least
one of the following: a liquid, a transdermal gel, a patch, a
cream, or a container comprising an injection pin or needle.
The vitamin D conveyance can be configured to administer
the vitamin D transdermally. The vitamin D conveyance can
be configured to administer the vitamin D orally. The vitamin
D conveyance can be configured to administer the vitamin D
via injection. The vitamin D conveyance can be configured to
administer the vitamin D via insolation.

In some embodiments, the vitamin D conveyance can
selectively administer vitamin D to the patient. For example,
the vitamin D conveyance can receive a signal in order to
administer the vitamin D to the patient. In some embodi-
ments, the vitamin D conveyance can receive a signal in order
to stop administering the vitamin D to the patient. In some
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embodiments, the vitamin D conveyance only administers
vitamin D while it is receiving a signal, or once it has received
a signal. In some embodiments, the vitamin D conveyance
can administer a fixed dosage amount of vitamin D to the
patient. In some embodiments, the vitamin D conveyance can
administer varying amounts of vitamin D, depending on a
signal it receives. In some embodiments, the vitamin D con-
veyance administers varying amounts of vitamin D depend-
ing on a measured vitamin D level in the patient. In some
embodiments, the signal is received from a controller. In
some embodiments, the controller is local or remote to the
vitamin D conveyance.

In some embodiments, the vitamin D conveyance auto-
matically administers vitamin D to the patient. In some
embodiments, the vitamin D conveyance automatically
administers vitamin D to the patient while the conveyance
contacts the patient. In some embodiments, the vitamin D
conveyance automatically administers vitamin D to the
patient while it contacts the patient’s skin, such as the face.

In some embodiments, the vitamin D conveyance can
allow vitamin D to be administered to the patient based on
patient action or discretion. The patient can orally ingest a
capsule, pill, liquid or other form of ingestible vitamin D.

In some embodiments, the vitamin D conveyance can be
positioned over or contacting a region. The vitamin D con-
veyance can be positioned over or contacting oral or maxil-
lofacial bone, muscle, or soft tissue, or one or more bone. The
vitamin D conveyance can be positioned over the patient’s
mandibular bone, maxillary bone, temporal bone, or one or
more teeth, or skin overlying the mandibular bone, maxillary
bone, temporal bone, or one or more teeth.

The vitamin D conveyance can be attached to or incorpo-
rated into any of the light therapy apparatus components as
previously described. In some embodiments, the vitamin D
conveyance can be attached to or incorporated into one or
more light source. For example, a light source can have a pad
or patch that can convey vitamin D transdermally. A vitamin
D cream, gel, ointment, or liquid can be on a pad. When the
light source contacts the patient’s face, the pad can also con-
tact the patient’s face. When the pad contacts the patient’s
face, vitamin D can be administered transdermally to the
patient. In another example, one or more microneedles can be
on a patch. When the light source contacts the patient’s face,
the patch can also contact the patient’s face. When the patch
contacts the patient’s face, vitamin D can be administered
transdermally to the patient. In another example, a light
source can have one or more additional light emitters inter-
spersed between the light emitters for administering photo-
therapy. The additional light emitters can be used to provide
vitamin D via insolation. The additional light emitters can
emit UV light.

In some embodiments, additional components can be pro-
vided to the light therapy apparatus. For example, the light
therapy apparatus can have a vitamin D reservoir and a pas-
sageway fluidically connecting the reservoir to a target
region. For example, a straw or tube can be provided that can
deliver a liquid form of vitamin D to the patient’s oral cavity.
In another example, one or more microchannels can deliver
vitamin D to a pad or patch that conveys vitamin D to the
patient.

The vitamin D conveyance can be separate or separable
from the light therapy apparatus components previously
described. For example, a pad or patch that can convey vita-
min D transdermally can be provided separately from the
light therapy apparatus. A vitamin D cream, gel, ointment, or
liquid vehicle can exist on be contained in a pad that contacts
the patient’s face. When the pad contacts the patient’s face,
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vitamin D can be administered transdermally to the patient. In
another example, one or more microneedles can be on a patch
that contacts the patient’s face. When the patch contacts the
patient’s face, vitamin D can be administered transdermally
to the patient. In some embodiments, a UV light source can be
provided separately from the light therapy apparatus. The UV
light source can provide vitamin D via insolation.

In some embodiments, the vitamin D conveyance has a
fixed location. During administration of vitamin D, the vita-
min D conveyance can remain in the same location relative
the patient’s face. In some embodiments, the vitamin D can be
atthe same location relative to the patient’s face whenever the
light therapy apparatus is worn by the patient. In other
embodiments, the vitamin D conveyance can have a variable
location. In some embodiments, the vitamin D conveyance
can remain at the same location relative to the patient’s face
during the vitamin D administration but can be moved before
or after the administration of the vitamin D to another loca-
tion. The vitamin D conveyance can move while the light
therapy apparatus is worn by the patient. In other embodi-
ments, the vitamin D conveyance can move relative to the
patient’s face during vitamin D administration.

EXAMPLES

The invention is further described with reference to the
following specific examples, which are not meant to limit the
invention, but rather to further illustrate it.

Example 1

A patient presents with a 7 mm overjet between her max-
illary central incisor and mandibular central incisor (i.e., the
mandibular bone is retrusive). A Herbst appliance is fitted on
upper and lower molars of the patient. The appliance is
adjusted to provide edge-to-edge incisal positioning of the
upper and lower incisors. Typically, the appliance is fitted and
remains in place for about 12 months.

Light is administered transdermally to the patient’s right
and left temporomandibular joint. The light is administered
using a light array which contacts the patient’s face and which
irradiates light having a wavelength of about 850 nm and an
intensity of about 50 mW/cm?®. A first light array which con-
tacts the patient’s face administers light to the right temporo-
mandibular joint and a second light array which contacts the
patient’s face administers light to the left temporomandibular
joint. This light treatment is administered on a daily basis for
about 20 minutes, over the patient’s entire skin overlying the
right and left temporomandibular joints. The light arrays are
positioned and held at the desired location by a head set which
uses the bridge of the patient’s nose, and the patient’s two
ears, to maintain a repeatable position throughout the treat-
ment regimen, over multiple sessions. The head set is one set
forth in one of FIGS. 8A-8D.

Treatment continues for 3 months, at which time the Herbst
appliance is disengaged without being removed, allowing the
lower jaw to freely close. The patient is subsequently recalled
in 3 weeks to determine the precise degree of new overjet in
order to confirm the result. If the overjet is stable, treatment is
discontinued. If the overjet has not been fully corrected, the
Herbst appliance is re-engaged and phototherapy is continued
for an additional period of time, such as about two to three
months.

Example 2

A 12-year-old male presents with a Class 2 Division 1
malocclusion with an 8 mm overjet caused by insufficient
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mandibular growth in a horizontal and vertical direction and
slight overgrowth horizontally of maxillary bone based on
cephalometric analysis.

The patient is fitted with a mandibular anterior reposition-
ing appliance (Mara functional appliance). The Mara is
intended to posture the mandible forward about 8 to about 10
mm. This causes tension on the musculature of the mandible
and the temporomandibular joint and stimulates bone remod-
eling and growth of condyle and glenoid fossa. At the same
time a light therapy device, such as the device shown in FIG.
21A modified so that the light sources overlay the temporo-
mandibular joint, is adjusted to register on the nose and ears of
the patient. A light array of the device covers the entire ana-
tomic area of the patient’s temporomandibular joints and is
positioned on the patient’s face directly over the right tem-
poromandibular joint and the left temporomandibular joint,
contacting the skin and applying slight pressure to the tissue.

The light treatment regimen includes 30 minutes of light
administered daily at a wavelength of about 850 nm continu-
ous wave, at an intensity on the surface of'the skin of about 50
mW/cm2. The treatment is applied daily throughout the treat-
ment of the Mara. At 4 months, the patient discontinues the
light therapy and has the Mara de-activated by the dentist or
other health-care professional so that the mandible is in a
passive position. After two weeks, the patient returns and the
dentist or other health-care professional assesses the now
stable overjet. If the overjet is normal the Mara is removed
and light therapy is permanently discontinued. Ifthe overjetis
still excessive, an additional time period of Mara and light
therapy treatment is conducted for 2 months, and then re-
assessed.

Example 3

A male adult patient is tested for Vitamin D3 blood serum
levels at the same time as his routine orthodontic examination
and records appointment. The patient’s diagnosis is Class |
mild crowding with 4 mm of crowding on the upper arch and
4 mm on the lower arch. An orthodontic treatment plan is
formulated to include the installation of a fixed orthodontic
appliance with some mild expansion of the upper and lower
arches. Laboratory results indicate that the patient’s vitamin
D3 serum levels are at 20 ng/ml, which is considered to be
deficient.

The patient self-administers oral oil-based vitamin D3 cap-
sules of 6000 IU per day for 3 months to increase his vitamin
D3 serum levels. Laboratory serum testing is optionally per-
formed again after 3 months of vitamin D3 supplementation.
The patient maintains or adjusts his oral dose of vitamin D3
based on his subsequent lab results.

Orthodontic treatment is started either after the 3 month
period or anytime prior. The patient has conventional fixed
orthodontic brackets, and bands placed on his teeth with an
initial 0.016 inch NiTi wire tied in place with silicone liga-
tures. Light is administered to the patient on a daily basis in all
regions of the maxillary bone and mandibular bone for 20
minutes at an intensity of 50 mW/cm?2 at wavelength of about
850 nm. The light can be administered using a light therapy
apparatus, such as the one shown in FIG. 21A. The orthodon-
tic treatment continues with the finishing of teeth once the
arches have been expanded. It is believed that the active
orthodontic treatment will be completed in 50% to 75% less
time due to the combination of daily administration of light
and improved vitamin D3 serum status.

At a passive state of orthodontic treatment, i.e., retention
phase, a fixed retention orthodontic appliance is installed on
the patient’s teeth. In one example, a Hawley retainer is a
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removable appliance that is designed to maintain tooth posi-
tion of the anterior teeth. The Hawley retainer can be installed
on the patient’s anterior teeth. In some embodiments, a fixed
retainer appliance is bonded to the lower 6 anterior teeth. The
patient continues with vitamin D3 supplementation. In some
examples, the patient self-administers 2000 IU per day to
12,000 IU orally per day. The dosage can be determined based
on vitamin D blood serum levels which can be measured
periodically to determine dosing. As a result, alveolar bone
density around the teeth is increased during the passive phase.
During the passive stage, the patient is administered with light
once per week with a light therapy apparatus, such as the light
therapy apparatus shown in FIG. 21A, in all areas of the upper
and lower arch at a wavelength of about 625 nm.

Example 4

An animal study was conducted to demonstrate the affect
of light treatment and functional-appliance use on mandibu-
lar condylar growth. Twenty-four rats were divided equally
into six groups of four animals: Group 1 received laser light
treatment, but did not wear a functional appliance; Group 2
received laser light treatment and wore a functional appli-
ance; Group 3 received LED light treatment, but did not wear
afunctional appliance; Group 4 received LED light treatment
and wore the same type of functional appliance as Group 2;
Group 5 wore the same functional appliance as Group 2, but
did not receive light treatment, and served as the positive
control group; and Group 6 did not wear a function appliance,
did not receive light treatment and served as the negative
control group. The rat functional appliance was analogous to
a human functional appliance.

The rats of Groups 1-4 received their respective light treat-
ment for ten minutes every day for four weeks. The rats of
Groups 5-6 (the control groups) received “sham” treatment,
i.e., no laser or LED light, during this time. The wavelength
and intensity of the laser and LED light treatment was the
same—850 nm at 10 mW/cm?.

At the end of four weeks, the mandibles of each of the rats
were analyzed and the surface areas of the cartilaginous lay-
ers of the condyles were measured. These layers include the
fibro-cartilaginous (FL) layer, the proliferative layer (PL), the
chondrocyte layer (CL), and the hypertrophic layer (HL).

The results showed that Groups 1 and 2 (laser light treat-
ment) had a statistically significant increase in the FL com-
pared to the control groups, Groups 5 and 6. The CL of
Groups 3 and 4 were also found to have significantly
increased as a result of the LED light treatment compared to
the control groups, Groups 5 and 6. The HL of Group 2 was
found to have a greater increase than Group 5. In other words,
administering laser light in combination with wearing a func-
tional appliance was more effective for increasing the HL
than simply wearing a functional appliance. Lastly, the chon-
droblastic layer of Group 4 was found to have greater increase
than that of Group 2. These results demonstrate that admin-
istering laser light in combination with wearing a functional
appliance is useful for stimulating mandibular condylar
growth, lengthening mandibular bone and, accordingly, regu-
lating oral or maxillofacial bone remodeling.

Example 5
Use of Functional Appliance and Light Therapy
In this example, a patient is fitted with a Herbst appliance
that levels after the patient’s upper teeth are aligned such that

her mandible is able to advance to an ideal, unobstructed
incisor overjet (OJ).
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Pre-Herbst Activities

The patient’s OJ and maximal protrusive mandible posi-
tion are measured prior to administering light therapy. Upper
and lower casts of the patient’s bite are made, and photo-
graphs of her oral cavity, including side pictures, occlusal
pictures and anterior pictures, are taken. The casts and pho-
tographs are retained. A Herbst appliance is constructed such
that after it is installed in the patient her OJ will more protru-
sive than ideal, but less than edge-to-edge.

Day of Herbst Delivery

The Herbst appliance is cemented in the patient’s oral
cavity, and her OJ is optionally measured. The patient is fitted
with an extra-oral light-therapy device having one or more
light-source arrays that contact her face directly about one or
both of her temporomandibular joints and is irradiated with
light having a wavelength ranging from about 600 nm to
about 900 nm, in a specific example, about 850 nm. One or
more photographs of the positioned arrays are taken, and the
patient is asked to report to her orthodontist any change in OJ.
The extra-oral light therapy device is removed from the
patient and the patient is instructed to use the extra-oral
device on a daily basis for 20 minutes per day.

Post-Herbst Insertion

The patient returns to her orthodontist two weeks later for
a follow-up visit and three months later to check the position
of'the appliance. At the three-month visit, shims that alter the
length of the appliance’s telescopic arms are optionally added
to the appliance. At four months following appliance inser-
tion, the appliance is deactivated and the patient’s OJ and
maximal protrusive mandible position are remeasured. Two
weeks later the patient’s OJ is checked, and if it is less than
ideal, then the appliance is reactivated. Iterations are per-
formed every two weeks until the earlier of (i) the time when
patient’s OJ is ideal and (ii) two months. After the earlier of (i)
and (ii), the patient’s OJ and maximal protrusive mandible
position are remeasured, upper and lower casts of the
patient’s bite are made, photographs of her oral cavity are
taken and the measurements and photographs are compared
to those taken during the pre-Herbst activities.

While particular embodiments of the present invention
have been shown and described herein, such embodiments are
provided by way of example only. Numerous variations,
changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be
understood that various alternatives to the embodiments of
the invention described herein can be employed in practicing
the invention. It is intended that the following claims define
the scope of the invention and that methods and structures
within the scope of these claims and their equivalents be
covered thereby.
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What is claimed is:

1. A method for treating a patient’s overjet, comprising:

fitting a mandibular repositioner on a patient in need of

overjet treatment and creating tension on the patient’s
intra-oral tissue to reposition the patient’s mandible for-
ward;
extra-orally administering light having a wavelength of
about 850 nm and an intensity of about 50 mW/cm?® to
the patient’s right and left temporomandibular joints,

wherein the patient wears the mandibular repositioner dur-
ing the administering, wherein the administering
includes positioning a light therapy apparatus that
includes a first light array and a second light array so that
the first light array contacts a portion of the patient’s face
overlying the patient’s left temporomandibular joint,

and the second light array contacts a portion of the patient’s
face overlying the patient’s right temporomandibular
joint,

and transdermally irradiating the patient’s left temporo-

mandibular joint and the patient’s right temporoman-
dibular joint with the light,

wherein the tension and the light increase the rate of overjet

treatment compared to that associated with the use of the
mandibular repositioner in the absence of administering
light.

2. The method of claim 1, wherein the mandibular reposi-
tioner is a HERBST appliance, Twin Block appliance, Fixed
Twin Block appliance, Bonded Twin Block appliance, BIOB-
LOC appliance, FORSUS Fatigue appliance, XBOW appli-
ance, mandibular anterior repositioning appliance, Bass
Dynamax appliance, Bionator appliance, Open Face Activa-
tor appliance, Activator appliance, Woodside Activator appli-
ance, Frankel appliance, Teuscher appliance, Andreson appli-
ance, 3-Way Sagittal appliance, Lower Schwartz appliance, 3
Way Expander appliance, jaw repositioning appliance,
removable orthotic appliance, BioPedic Appliance, Ritto
Appliance, Alpern Class II Closer appliance, Rapid palatal
expander appliance, facemask appliance, reverse pull head-
gear or conventional orthodontic headgear.

3. The method of claim 1, wherein the mandibular reposi-
tioner is a HERBST appliance.

4. The method of claim 1, wherein the mandibular reposi-
tioner is a mandibular anterior repositioning appliance.

5. The method of claim 1, wherein the mandibular reposi-
tioner is a fixed mandibular repositioning appliance.

6. The method of claim 1, wherein the patient is a human.
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